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ABSTRACT

This report presents an evaluation of the Saturn S-IVB-208

stage acceptance firing that was conducted at the Sacramento

Test Center on 12 January 1967. Included in this report are

stage and ground support equipment deviations associated with

the acceptance firing configuration.

The acceptance "firing test program was conducted under

National Aeronautics and Space Administration Contract

NAS7-101, and established the acceptance criteria for buyoff

of the stage.
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PREFACE

I

The purpose of this report is to document the evaluation

of the Saturn S-IVB-208 stage acceptance firing as performed

by Douglas personnel at the Sacramento Test Center.

This report, prepared under National Aeronautics and Space

Administration Contract NAS7-101, is issued in accordance

with line item 129 of the MSFC Data Requirements List 021,

dated 15 September 1966.

This report evaluates stage test objectives, instrumentations,

and configuration deviations of the stage, test facility, and

ground support equipment.

l
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io INTRODUCTION

i.i General

This report was prepared at the Douglas Huntington Beach Space Systems

Center by the Saturn S-IVB Test Planning and Evaluation (TP&E) Committee

for the National Aeronautics and Space Administration under Contract

NAS7-101.

Activities connected with the Saturn S-IVB-208 stage included a prefiring

checkout and the acceptance firing. Checkout started at the subsystem

level and progressed to completion with the integrated systems test and

the simulated acceptance firing. The information contained in the

following sections documents and evaluates all events and test results

of the acceptance firing which was completed on 12 January 1967. The

tests were performed at the Complex Beta, test stand I, Sacramento Test

Center (STC).

1.2 Background

The S-IVB-208 stage was assembled at the Huntington Beach Space System s

Center. A checkout was performed in the vertical checkout laboratory

(VCL) prior to shipping the stage to STC. The stage was delivered to

STC on 1 December 1966 and installed on test stand I on 2 December 1966.

The stage was ready for acceptance firin_ on i0 January 1967.

The APS modules were shipped to the manufacturing and assembly (M&A)

building at STC for leak and functional checks. No confidence firings

of these modules were scheduled.

Table i-i lists the milestones of the Saturn S-IVB-208 stage events and

dates of completion.

1.3 Objectives

All test objectives outlined in Douglas Report No. SM-47458A, Saturn

S-IVB-208 Stage Acceptance Firing Test Plan, dated November 1966 and

revised 20 December 1966 were successfully completed.

¸--3
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Stage acceptance Objectives which provided maximum system performance

evaluation were as follows:

a. Countdown control andoperatlon capability verification

b. J-2 engine system performance verification

c. Oxidizer system performance verification

d./ Fuel system performance verification

e.i Pneumatic control system performance verification

f. Propellant utilization system performance verification

g. Stage data acquisition system performance verification

h. Stage electrical control and power system performance

verification

i. Hydraulic system performance and J-2 engine gimbal control

performance verification

J. Structural integrity verification

k. APS stage interface compatibility verification.

1-2
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TABLEI-I
MILESTONES,SATURNS-IVB-208 STAGE

EVENT

Tank Assembly

Proof Test

Insulation and Bonding

Stage Checkout and Join J-2 Engine

Systems Checkout

Ship to STC

Stage Installed on Test Stand

Ready for Acceptance Firing

Acceptance Firing

Stage Received at VCL

All SystemsTest (Buy-off)

Ready for Shipping
(Signed DD250)

COMPLETIONDATE

18 March 1966

4 April 1966

25 May 1966

26 August 1966

II October 1966

1 December1966

5 December1966

I0 January 1967

12 January 1967

27 January 1967

17 March 1967"

21 March 1967"

* Projected dates

27 March 1967
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, SUMMARY

The S-IVB-208 stage was acceptance fired on 12 January 1967 at Complex

Beta, test stand I, Sacramento Test Center. The countdown was designated

as CD 614076. The mainstag e firing duration was 426.6 sec; engine cutoff

was initiated through the propellant utilization (PU) processor when

liquid oxygen (LOX) was depleted below the i percent level.

2.1 Countdown Operations

CD 614076 was initiated on ii January 1967 and proceeded smoothly to a

successful acceptance firing on 12 January 1967.

The following anomalies were experienced during the countdown:

a. GN2 leakage through the bootstrap piston vent valve path in

the accumulator-reservoir was observed at a rate of 5 to

50 psia/hr or up to 2,650 times the allowable minimum. This

leakage required replacing the part.

b. During the loading, the LH2 depletion sensor No. 1 cycled

intermittently from start of loading for 26 min. Normal

operation was observed after this time.

c. There was an engine performance shift shortly after PU valve

cutback. This shift was noted in all major engine instrumenta-

ti_,e and was reflected in tile evaluation computer programs.

The PU valve position did not indicate a shift, although a

simultaneous increase in oxidizer pump discharge pressure

and a decrease in PU'valve discharge pressure indicated a

change in PU valve effective area. This discrepancy is

probably the result of slack in the mechanical li,kage

connecting the PU valve and the PU valve position transducer.

d. The talkback microswitches of the LOX and LH2 ehilldown

shutoff valves failed to indicate when the valves were open.

This failure was caused by a leak in the seal of the micro-

switch cover'gasket.

e. One measurement failed during the acceptance firi,g, C0001

(Temperature-LH2 Turbine Inlet, Gas Generator Gas).

27 March 1967
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2.2 J-2 Engine System

The performance of the J-2 engine (S/N 2062) was satisfactory throughout

the acceptance firing. The PU valve did cause a small perturbation as

explained in the above paragraph 2.1, but it did not degrade the overall

performance of the engine.

2.3 Oxidizer System

The oxidizer system functioned properly, supplying LOX to the engine LOX

pump inlet within the specified operating limits. Ullage pressure was

maintained at a level adequate to insure engine pump net positive suction

pressures (NPSH) above the minimum required to prevent pump cavitation.

The talkback switch of the chilldown shutoff valve failed to give an open

indication when the valve opened, however, the LOX flowmeter did show a

flow at this time.

2.4 Fuel System

The fuel system performed as designed and supplied LH2 to the engine LH2

pump inlet within the limits required for satisfactory engine performance.

The chilldown shutoff valve talkback was erratic when the valve was in

the open position and heat input during chilldown was higher than

expected as discussed in section 8; however, the system performed

satisfactorily. An_]ysis of the excessive heat input indicates that the

problem could have been created by Beta I test stand facilities and is

being investigated.

2.5 Pneumatic Control and Purge System

The pneumatic control and purge system performed satisfactorily throughout

the acceptance firing. The helium supply to the system was adequate for

both pneumatic valve control and purging; the regulated pressure was

maintained within acceptable limits and all components functioned

normally.

2.6 Propellant Utilization System

The PU system accomplished all the design objectives as listed in Douglas

Report No. SM-47458A, Saturn S-IVB-208 Stage Acceptance Firing Test PZan.

27 March 1967

]

3

3

3

]

3

2-2



(

/ -

l

i
/
2.7 Data Acquisition System

The data acquisition system performed satisfactorily throughout the

acceptance firing. One hundred and seventy-seven measurements were

active. Of these only one failed resulting in a measurement efficiency

of 99.4 percent.

2.8 Electrical Power and Control Systems
i

The electrical power and control systems performed satisfactorily through-

out the acceptance firing. All firing objectives were satisfied and all

system variables operated witilin design limits.

ii

2.9 Hydraulic System

The hydraulic system supplied pressurant fluid to the servo-actuators

during the time the engine was successfully positioned and gimbaled. A

leaking accumulator permitted GN2 loss prior to the firing in excess of

the allowable limits which caused engine-driven hydraulic pump overshoot

pressure fluctuations. The system function to position the engine in

response to guidance commands was not adversely affected. The

accumulator-reservoir, P/N IB29319-519 S/N 23 is being replaced before

launch.

2.10 Flight Control System

The dynamic response of the hydraulic servo-thrust vector control system

was measured while the J-2 engine was gimbaled during tile acceptance

firing. The performance of the pitch and yaw hydraulic servo control

systems was found to be acceptable.

2.11 Structural System

Structural integrity of the stage was maintained during the vibration,

temperature, and thrust load conditions of the acceptance firing. A

post acceptance firing inspection of the stage revealed no debonding or

other discrepancies resulting from the cryogenic loading and firing. A

visual inspection of the LH2 tank interior was made from tile manhole;

no discrepancies were noted,

27 March 1967
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2.11.1 Post S-IVB-503 Explosion Inspection

Following the explosionof the S-IVB-503 stage at the adjacent Beta III

test stand, the S-IVB-208 stage exterior structure and LH2 tank interior

were again inspected. No structural damage was detected.

2.12 Thermqconditioning and Purge System

The thermoconditioning and purge system functioned properly during the

acceptance firing. All system temperatures and flowrates were maintained

within design limits.

2.13 Reliability and Human Engineering

All functional failures of Flight Critical Items and Ground Support

"Equipment/Special Attention Items were investigated by Reliability

Engineering. A Human Engineering evaluation was conducted in support of

the acceptance firing and no significant man-machine problems were

identified.

3

3

3

3
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TEST CONFIGURATION

This section describes the stage and ground support equipment (GSE)

deviations and modifications from the flight configuration affecting the

acceptance firing. Additional details of specific system modifications

are discussed in appropriate sections of this report. Details of the

S-IVB-208 stage configurations are presented in Douglas Report

!No. IB66532, S-IVB-IB Stage End-Item Test Plan.

Figure 3-1 is a schematic of the S-IVB-208 stage propulsion system and

shows the telemetry instrumentation transducer locations from which the

test data were obtained. The functional components are listed in

table 3-1. Hardwire measurements are noted on the appropriate subsystem

schematics included in this report. The propulsion system orifice

characteristics and pressure switch settings are presented in tables 3-2

and 3-3. J-2 engine S/N 2062 was installed.

The propulsion GSE (figure 3-2) consisted of pneumatic consoles "A" and

"B," two propellant fill and replenishing control sleds, a vacuum system

console, and a gas heat exchanger.

3.1 Configuration Deviations

Configuration deviations required for the acceptance firing are d_scussed

in Douglas Report No. SM-47458A, Saturn S-!VB-208 Stage Acceptance

Firing Test Plan. Significant configuration changes to the stage and

GSE are discussed in the following paragraphs.

3,1. i Engine. Restrainers

J-2 engine unlatch restrainer link kit, Model DSV-4B-618, was installed

to restrain the engine during Start transient side loads.

3.1.2 Quick Disconnects

The stage-mounted portions of the pneumatic and propellant umbilical

quick disconnects were replaced by hardlines.

27 March 1967
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3.1.3 Engine Diffuser

A water-cooled converging diffuser, Model DSV-4B-639 engine bell

extension service unit, was installed in the engine thrust chamber exit

to reduce the nozzle area ratio and the probability of Jet-separatlon-

induced side loads.

3.1_4 Auxiliary Pressurization

/

An auxiliary propellant tank pressurization system was installed and was

supplied from a GSE ambient helium source.

3.1.5 Propellant Fast Fil'l Sensors

Propellant loading fast fill sensors were installed on the instrumentation

probes but were used in the indicating mode only.

3.1.6 Stage Vent and Bleed System

All stage propellant vent and bleed systems were connected to the facility

vent system.

3.1.7 Forward Skirt Cooling

The forward skirt thermoconditioning system coolant was supplied by a

Model DSV-4B-359 servicer, rather than by the flight source in the

instrument unit.

3.1.8 Aft Interstage

The stage was mounted on a Model DSV-4B-540 dummy aft interstage instead

of the flight interstage.

3.1.9 Fire Detection System

A resistance wire fire detection system was installed for monitoring

critical areas of the stage, GSE, and facilities.

3.1.10 Gaseous Hydrogen Detectors

A gaseous hydrogen (GH2) leak detection system was installed for

monitoring critical areas of the stage, GSE, and facilities.

,I
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3.1.11 Blast Detectors

Blast detectors were installed in the test area to monitor ranges of

0 to 25 psig overpressure.

3.1.12 Auxiliary Fropulsion System

The flight auxiliary propulsion system (APS) modules were not installed.

Instead, the Model 188B APS Simulators were connected to APS positions 1

and 2 to receive conm_ands and close the control circuitry.

3.1.13 Telemetry System

Those telemetry channels that were left blank when various parameters

were disconnected to be recorded by other means were either left as open.

channels or were simulated.

3.1.14 Hardwire Transducers

The Marshall Space Flight Center static firing measurement (Scope Change

I195A) program hardwire transducers were installed for the acceptance

firing. These measurements will be removed before the stage leaves STC.

3.1.15 Forward Stage/Instrument Unit Interface

The instrument unit (IU) was not available at tile Sacramento Test

Center; therefore, the IU and S-IB electrical interfaces were simulate_

by GSE.

3.1.16 Electrical Umbilicals

The electrical umbilicals remained connected throughout the acceptance

firing.

3.1.17 Instrumentation System

The stage data acquisition system was as defined in Douglas Drawiug

No. IB43561, Instrumentation Program and Components List, Saturn

S-IVB-208, except as called out in section Ii.

27 March 1967
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3.1.18 Electrical Power System

The Model DSV-4B-170 battery power unit was used during the acceptance

firing when stage systems were switched to internal power.

3.1.19 Secure Range Safety Command System

The engine cutoff command output from range safety system No. i and

range safety system No. 2 was disconnected and stowed. Pulse

sensors were attached to the output of the exploding bridgewire (EBW)

firing units.

3

S

S

3

3

3

n

3-4
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TABLE 3-2 (Sheet 1 of 3)

S-IVB-208 STAGE AND GSE ACCEPTANCE FIRING ORIFICES

ITEM* DESCRIPTION

Stage

7 Ambient helium fill

13 LH2 fill and drain valve purge
line

19 LOX fill and drain valve purge

line

29 LOX tank pressurization system

heat exchanger outlet

30 LOX tank pressurization system

heat exchanger bypass

32 LOX tank sensing line purge

35 LH2 tank pressurization module

Undercontrol**

Overcontrol**

Step**

37 LH2 tank nonpropulsive vent

purge line

38-39 LH2 tank nonpropulsive vent(2)

54 LOX chilldown pump purge line

55 LOX chilldown pump purge

module

77 LH2 chilldown valve purge line+

80 LOX tank vent and relief valve

purge line

ORIFICE SIZE OR

NOMINAL FLOWRATE

65 scfm

15 scim at

3,200 psid

15 scim at

3,200 psig

0.219 in. dia

0.185 in. dia

1 scfm at

3,200 psig

0.250 in. dia

0.221 in. dia

0.3124 in. dia

1 scfm at

3,200 psid

2.180 in. dia

37 scim at

475 psid

0.00166 ibm/see

at 475 psig IN

and 85 psig OUT

14 scfm at

3,000 psid

65 scfm at

3,100 psid

COEFFICIENT

OF DISCHARGE

0.845

0.844

0.927

0.890

0.848

NC

+

EFFECTIVE

AREA (IN. 2 )

Sintered

Sintered

Sintered

0.0318

0.02265

Sintered

0.0455

0.0778

0.1392

Sintered

Dm

Sintered

Sintered

0.00043

+

3-8

Indicates location on figures 3-2 and 3-3.

Discharge coefficient and effective area are calculated for overcontrol and

step orifices in successive combination with the undercontrol orifice.

Flight orifice--for acceptance testing, purge function is supplied by facility

orifice of 65 scfm at 1,600 psia.

27 March 1967
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TABLE 3-2 (Sheet 2 of 3)

S-IVB-2.08 STAGE AND GSE ACCEPTANCE FIRING ORIFICES

ITEM *_ DESCRIPTION

84 Engine pump purge module

Console A

A9538 LH2 tank repressurization

supply

A9537 Pressure switch checkout--

high pressure

A9536 Pressure switch checkout--

low pressure

A9535 LH2 tank and umbilical purge

supply

-- All console A stage bleeds

A9515 Pressure actuated valve and

mainstage pressure switch

supply

A9533 LH2 system checkout supply

A9534 LOX system checkout supply

A9539 Console GN2 inerting supply

A9526 J-box inerting supply

Console B

-- All console B stage bleeds

A9529 LOX tank and umbilical purge

system

-- Turbine start sphere supply

A9552 Turbine start sphere supply

vent

A9528 Thrust chamber jacket purge

and chilldown system

A9525 Engine control sphere supply

ORIFICE SIZE OR

NOMINAL FLOWRATE

0.00166 ibm/sec

at 475 psig IN

and 85 psig OUT

Union

0.032 in. dia

1.2 scfm

0.260 in. dia

Variable

1.2 scfm

1.2 scfm

5.0 scfm

0.013 in. dia

0.013 in. dia

Variable

0.305

Union

0.081 in. dia

0.072 in. dia

0.125 in. dia

COEFFICIENT

OF DISCHARGEI

0.88

m_

--m

--m

m_

m--

I--

0.93

0.89

0.84

EFFECTIVE

AREA (IN. 2)

0.00023

Sintered

0.04675

Sintered

Sintered

Sintered

m--

mm

0.00479

0.00362

0.00965

* Indicates location on figures 3-2 and 3-3.

.i

27 March 1967
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TABLE3-2 (Sheet 3 of 3)
S-IVB-208 STAGEANDGSEACCEPTANCEFIRINGORIFICES

ITEM*

A9527

A9348

A9540

A9550

DESCRIPTION

LH2 tank prepressurization
supply

Console GN2inerting supply

J-box inerting supply

Engine control sphere supply
vent

LOXtank prepressurization
supply

ORIFICESIZE OR
NOMINALFLOWRATE

0.162 in. dia

Manifold

0.013 in. dia

m--

0.096 in. dia

COEFFICIENT

OF DISCHARGE

0.80

w_

m--

0.94

EFFECTIVE

AREA (IN. 2)

0.01649

_m

0.00680

* rndicates location on figures 3-2 and 3-3.

O

3-10
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_OUNTDOWN OPERATIONS

The S-IVB-208 stage acceptance firing was successfully accomplished

during CD 614076 on 12 January 1967. All phases of the acceptance

firing countdown are reviewed and evaluated in the following paragraphs,

which include discussions of the prefiring checkout, propellant loading,

and ground support and facility operation.

4.1 Countdown 614076

CD 614076 was initiated on Ii January 1967 and was completed the

following day with a satisfactory stage acceptance firing. The countdown

was performed with only minor problems encountered; all problems were

resolved without a delay in countdown time. The LOX and LH2 chilldown

shutoff valves open talkbacks were erroneous and erratic during the

countdown; however, the operation of the valves was verified after the

chilldown pumps were cycled. LH2 and LOX loading were nominal. The

propellant tank relief valve checks were performed satisfactorily; the

stage pneumatic systems were pressurized, and the automatic terminal

count was initiated. The automatic sequence was satisfactory and resulted

in a successful mainstage firing of 426.6 sec.

times are presented below:

Event

Simulated liftoff (TO)

Engine Start Command (ESC)

Engine Cutoff Command (ECC)

Significant countdown

Time

1209:46.0 PST

T O +150.270 sec

T O +576.873 sec

4.2 Checkout

The modifications, procedures, and checkouts performed for the

acceptance firing were initiated on 5 December 1966, upon receipt of the

stage at the Sacramento Test Center, and were continued through

i0 January 1967 when the stage was ready for the acceptance firing.

The handling and checkout procedures that were used for the prefiring

and postfiring checkouts are described in Douglas Report No. DAC 56499,

Narrative End ltem Report on 2aturn S-IVB-208, dated April 1967.

27 March 1967
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The integrated systems test was completed on 29 December 1966 to check

out the automatically controlled equipment of the stage, pneumatic con-

soles, and propellant sleds. The simulated acceptance firing was satis-

factorily performed on 5 January 1967 and verified the countdown procedure.

4.3 Cryogenic Loading

The S-IVB-208 stage was successfully loaded with LOX, LH2, and cold

helium. Satisfactory temperature and pressure levels were attained in

all systems, although anomalies with the No. 1 LH2 depletion sensor and

the LOX chilldown shutoff valve were noted during LH2 loading.

4.3.1 LOX Loading

The LOX loading preparations were conducted as specified in Task 41 of

the Countdown Manual, and computer controlled loading operations were

initiated. Loading was satisfactorily accomplished to the i00 percent

level (data are presented in figure 4-1) without incident. After the

I00 percent LOX level was reached, loading was continued manually to

the top of the active element of the PU probe, and the tank was

pressurized to 25 psia for 3 mln. to obtain calibration data.

4.3.2 LH2 Loading

The LH2 loading preparations were completed and the loading operation

was initiated as specified in Task 42 of the Countdown Manual. The

loading was satisfactorily completed. Although anomalies were noted in

two external systems, no interruption of the loading was required.

Loading data are presented in figure 4-2.

During the loading, the LH2 depletion sensor No. 1 cycled intermittently

from start of loading for 26 min. Normal operation was observed after

this time. This problem is being investigated.

At 70 percent, the chilldown shutoff valves were commanded open, but the

LOX valve talkback indicated the valve remained closed. During the tank

relief test, the LH2 chilldown shutoff valve gave a momentary erratic

closed indication. After completion of the relief test, the chilldown

pumps were turned on, and subsequent flow indicated that the valves were

actually open and that the talkback indications were faulty.

27 March 1967
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i
I

The problem has been identified as a microswitch and seal problem and

a corrective redesign is in process. Until a redesign is implemented,

however, a repetition of this problem should not be considered unusual.

4.3.3 Cold Helium Loading

Cold helium was loaded after the completion of LH2 loading. Satisfactory

temperatures and pressures were obtained. Data are presented in

table 4-1 and figure 4-3.

4.4 GSE Performance

i •

i

4.4.1 Helium Supply System

The helium supply system functioned adequately. Propellant tank pre-

pressurization, thrust chamber chilldown, and loading of the cold helium

spheres and the stage and engine control sphere were all satisfactorily

accomplished. Data are presented in figures 4-4 through 4-7.

4.4.2 GH2 Supply System

The GH2 supply system performed adequately. Start sphere chilldown

and loading were satisfactorily accomplished. At engine start command,

the engine start sphere conditions were within the required limits.

Data are presented in figure 4-5.

4.5 Terminal Count

The major events of tile terminal count were engine conditioning and final

replenishing "and prepressurization of the propellant tanks. They

included final addition of helium to the cold helium spheres and the

stage pneumatic control sphere; chilldown of the thrust chamber, engine

start sphere, and engine pumps; and pressurization of the start sphere.

The terminal count started with the automatic sequence at TO -25 min and

proceeded through the scheduled events without incident. The final

27 March 1967
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portion of the terminal count commenced with the initiation of propel-

lant tank prepressurization at TO -165 sec; final propellant replenishlng

was completed by T O -54 sec. Cold helium sphere fill was terminated at

T O -4_8 sec and engine pump purges were terminated at TO +89.5 sec,

approximately as planned.

4.6 Holds

All problems were resolved without a delay in countdown time.

4.7 Atmospheric Conditions

The weather was fairly mild, although cool during the final portions of

the acceptance countdown. Conditions at specific times are presented

below:

Time (PST) 0700 0900 1200 1300

Wind speed (knots) 6 7 8 7

Wind direction (deg) 340 350 340 360

Barometric pressure 30.02 30.05 29.97 29.97

(in. Hg)

Ambient temperature 43 44 57 59

(deg F)

Dew point (deg _) 83 86 55 50

27 March 1967
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"SEQUENCE OF EVENTS

The S-IVB-208 stage acceptance firing sequence of events is presented

in table 5-1. Event times from three data sources are included in the

table. These sources were Digital Events Recorder (DER/CAT 57), PCM/FM

Sequence (CAT 42), and PCM/FM Digital Tabulation (PCM/TAB/CAT 45).

Accuracies of the listed events are as follows:

DATA SOURCE

Digital Events Recorder (DER/CAT 57)

PCM/FM

Discrete Bi-Level (CAT 42)

Digital Tabulation (CAT 45)

Prime

Submultiplex

ACCURACIES

+0, -i ms

+0, -9 ms

+0, -9 ms

+0, -84 ms

27 March 1967
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ENGINE SYSTEM

The S-IVB-208 acceptance firing was performed with Rocketdyne engine

S/N 2062 (figure 6-1) mounted on the stage. The engine performed

satisfacto=ily throughout mainstage operation.

6.1 Engine Chilldown and Conditioning

6.1.1 Turbopump Chilldown

Chilldown of the engine LOX and LH2 turbopumps was adequate to provide

the conditions required for proper engine start. An analysis of the

chilldown operations is presented in paragraphs 7.4 and 8.2.

6.1.2 Thrust Chamber Chilldown

The thrust chamber skin temperature (figure 6-2) was 230 deg R at engine

start command, well within the engine start requirement of 260 _50 deg R

(table 6-1), and the LH2 pump demonstrated satisfactory start transient

buildup characteristics (figure 6-3). Further information on the

chilldown operation and ground support equipment supply system is

presented in section 4.

6.1.3 Engine Start Sphere Chilldown and Loading

Chilldown and loading of the engine GH2 start sphere met the requirements

for engine start (1,325 _75 psia and 290 _0 deg R). Start sphere perform-

ance is graphically presented in figure 6-4. The GH2 supply system

performance during start sphere chilldown and loading is described in

section 4. The sphere warmup rate from sphere pressurization to blow-

down was 1.64 deg R/mln. Significant data comparing three stages are

presented in table 6-2. Repressurlzation of the start sphere was

satisfactorily accomplished during engine operation.

6.1.4 Engine Control Sphere Chilldown and Loading

Engine control sphere conditioning was adequate (figure 6-4), and all

objectives were satisfactorily accomplished. The engine start require-

ments Of 290.+--30 deg R and 2,800 to 3,450 psla were met. Significant

control sphere performance dmta comparing three stages are" presented

in table 6-3.

27 March 1967
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J-2 Engine Performance Analysis Methods and Instrumentation

Engine performance for the acceptance firing was calculated by the use of

computer programs GI05-3 and F823-I. A description of the operation and

a comparison of the results of each program is presented in table 6-4.

Several biases were necessary to correct for known data discrepancies.

The thrust chamber pressure was biased -15 psia, as recommended by Rocket-

dyne, because of a transducer purge. From an analysis of the raw test

plp-count data, the engine flowmeter data were biased +9.74 gpm for LOX

and +25.6 gpm for LH2.

In the F823-I program, coefficients relating gas generator mixture ratio

to LOX turbine inlet temperature were substituted for those relating the

gas generator mixture ratio to the LH2 turbine inlet temperature which

are normally used. The substitution was made because the LH2 turbine

inlet temperature transducer malfunctioned. The percent of samples

included in 3-sigma deviation using GG mixture ratio as a function of

LH2 turbine inlet temperature is 99.998 percent; whereas, the percent of

samples included in 3-sigma deviation GG mixture ratio as a function of

LOX turbine inlet temperature is 99.381 percent.

6.3 J-2 Engine Performance

The engine performed in a manner that was predicted and sufficient to

allow the S-IVB stage to complete its mission. Plots of selected data

used as inputs to the computer programs listed in table 6-4 are presented

in figures 6-5 through 6-10. The engine propellant inlet conditions are

presented in sections'7 and 8. The performance levels compare well with

those established during the Rocketdyne acceptance test series, and all

test objectives were accomplished. One anomaly was noted at approximately

ESC +342 sec when a performance shift occurred. This shift was caused by

a sudden decrease in flow through the propellant utilization (PU) valve

while the valve was being driven from the closed to the open position.

At the time of the shift, the valve was at approximately +2 deg.

The engine performance was reconstructed from engine start command to

cutoff by the computer programs described in table 6-4. Necessary"

modifications to the data and computer programs were made as indicated in

paragraph 6.2. The average performance values from each program are shown

27 March 1967
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in table 6-5. The performance profiles of the programs, as well as the

composite profiles, are shown in figures 6-11 and 6-12. The composite

values consititute the final engine performance values as presented in

table 6-5.

Flow integral mass analysis indicates that 190,894 ibm of LOX and

36,089 Ibm of LH2 were consumed (see section i0) between engine start

iand engine cutoff commands. This preliminary _estimate of propellant

Iconsumption will be refined and the final evaluation will be presented

in the flow integral cryogenic calibration report on the S-IVB-208

propellant utilization system.

The analysis also indicates that the overall stage average thrust from

90 percent thrust to engine cutoff was 228,242 Ibf. The average mixture

ratio and specific impulse were 5.327 and 427.59 sec, respectively, for

the same time period. The total impulse generated during this time was

96.66 X 106 Ibf-sec. Extrapolating the propellant residuals as indicated

by the point level sensors (1,558 Ibm of LOX, 962 ibm of I.H2) indicates

that a fuel depletion cutoff would have occurred at ECC +2.55 sec. In

that time, an additional 498,784 ibf-sec impulse would have been

generated, thereby making the total stage potential impulse from engine

start command to the end of the thrust decay 97.38 X 106 ibf-sec, as

compared to the predicted value of 97.50 X 106 Ibf-sec. The 0.123 percent

deviation is within the accuracy of the pr-diction. The actual depletion

time was 10.882 sec earlier than predicted. Of this deviation, 4.4 sec

could be attributed to the extended operation with the PU valve closed.

Theremainder. has been attributed to loading errors and the performance

increase of the uprated engine.

27 March 1967
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6.3.1 Start Transient

The J-2 engine start transient was satisfactory.

performance is presented in the following table:

A summary of engine

Parameter

Time to 90 percent performance

level (sec)
/

Thrust rise time (sec)

Total impulse (Ibf-sec)

Maximum rate of thrust increase

(Ibf/10 ms)

Acceptance Firing Log Book

3.105 2.58*

1.955 2.10

171,169 183,317"*

7,327 40,000***

*Referenced to start tank discharge valve. Acceptance firing start tank

discharge control solenoid energized at ESC +637 ms.

**Based on stabilized thrust at null PU and standard altitude conditions.

(Test No. 313-030).

***Maximum allowable

6-4

The deviation in total impulse from the log book is due to the faster

thrust rise time (time from first indication of thrust to the 90 percent

performance level) during the acceptance firing. Figure 6-13 shows the

thrust chamber pressure during start transient and the thrust buildup to

the 90 percent performance level for the acceptance firing as determined

by computer program F839. Thrust buildup to the 90 percent performance

level (thrust chamber pressure = 627 psla) was within the maximum and

minimum thrust bands. As expected, there was no thrust overshoot during

the start transient.

6.3.2 Steady-State Performance

Satisfactory performance of the J-2 engine was demonstrated throughout

the steady-state protlon of the engine burn. There was indication of

a performance shift shortly after PU valve cutback, as can be seen

at ESC +342 sec in the performance profiles of figure 6-11. The

performance deviations resulting from the shift are given in table 6-5.



i

\

f
I
This shift was noted in all major engine instrumentation and was

reflected in the evaluation programs, F823-I and GI05-3, which are

based on internal engine measurements. The PU valve position did not

indicate a shift, although a simultaneous increase in oxidizer pump

discharge pressure and decrease in PU valve discharge pressure occurred.

This phenomena has been observed in previous firings and has been

attributed to the hydraulic resistance of the PU valve.

Table 6-5 compares the overall average performance values for steady-

state operation with the predicted values. The high performance values

are the result of "the uprated (230,000 ibf thrust) J-2 engine on

S-IVB-208. This table also gives the performance deviations caused by

the shift at ESC +344 sec. The deviation between PU valve predicted

cutback time (ESC +280 sec) and actual cutback time (ESC +303 sec) is

discussed in section i0.

The engine thrust variations during the acceptance firing are presented

in table 6-6. Expanded thrust plots during the periods discussed are

presented in figures 6-14 and 6-15. Comparison is made to acceptance

firing history predictions and to Marshall Space Flight Center (MSFC)

suggested allowable limits for flight. These limits do not apply to

acceptance firing performance and are presented for reference purposes

only. Thrust variations during flight will be modified by flight

effects on stage operation. Thrust variations were noted during the

following four phases of engine operation:

a. Hardover or maximum engine mixture ratio operation (EMR = 5.5/1.0)

b. Transient phase (PU valve cutback +50 sec to ECC -70 sec)

c. Final 40 sec of burn

d. Final 70 sec of burn

The thrust variations during the hardover operation were within the

suggested allowable limits for normal operation. Normal operating thrust

variations during this time period are caused by engine stabilization

and stage perturbations including the effects of variations in propellant

supply conditions. The time 'period from PU valve cutback +50 sec to

6-5



ECC -70 sec was nonexistent during this firing because of the late PU

valve cutback.

The time period from ECC -70 sec to engine cutoff command includes the

transient performance results. The transient performance during this

period was caused by the late PU valve cutback. Because of the late

cutback, the MSFC suggested allowable limits on thrust variations were

exceeded in all categories. Acceptance firing data will aid in the

flight calibration of the _U system in order tO eliminate the deviations

in the PU valve cutback.

The time period from ECC -40 sec to engine cutoff command is reported in

addition to the normal periods discussed in an effort to show a more

stableperiod of engine operation. The thrust variations during this

period were influenced primarily by movements of the PU valve and, to a

secondary degree, by variations in stage performance. The thrust varia-

tions were within the suggested flight limits for the maximum rate of

change and for the deviation from predicted mean slope. Deviations in

the other categories are attributed to the transient operation caused by

the late PU valve cutback.

]

]

]

]

]

3

]

3

6-6

6.3.3 Cutoff Transient

The time lapse between engine cutoff as received at the J-2 engine, and

thrust decrease to 11,250 Ibf was not within the maximum allowable time

(800 ms) for the acceptance firing as shown in the following table.

Parameter

Thrust decrease to 11,250 Ibf (ms)

Total impulse (Ibf-sec)

Acceptance Firing Log Book

875 301"*

47,233* 34,261"*

*PU valve at -4.8 deg

**PU valve at null position, standard altitude conditions, average of

tests 313-028, 313-029, 313-030, and 313-031

The performance values presented are not in satisfactory agreement with

the log book of the Rocketdyne J-2 Manual No. R-3825-I (0.345 +0.030 sec

27 March 1967
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and 35,000 _1,650 ibf-sec, based on a maln LOX valve temperature of

0 deg F, PU valve in the null position, and defined from cutoff signal

to 5 percent of rated thrust). Stage performance during flight should

not be adversely affected by these conditions.

The deviation in cutoff impulse to 11,250 ibf from Rocketdyne nominal

values (which are based on thrust load cell data) are probably caused by

a time lag in the chamber pressure measurement from which computer

program F839 calculates cutoff impulse.

The time lag is under investigation by the engine manufacturer. The

actual cutoff impulse was probably less than that calculated by

program F839. Figure 6-16 presents the thrust chamber pressure data

for the cutoff transient and the cutoff transient thrust. Figure 6-17

presents accumulated cutoff impulse from engine cutoff to 11,250 ibf

thrust for the acceptance firing.

6.4 Engine Sequencing

The engine sequencing was satisfactory throughout the acceptance firing

and compatible with the engine logic and the acceptance firing test

plan. Figure 6-18 presents the engine start sequence for the acceptance

firing; table 6-7 presents the time of significant events during the

firing and compares them with the nominal values. The noted time

discrepancies are explained by the effect _f the propellants present

in the engine.

An orifice was installed in the gas generator valve control line to delay

theopenlng of the valve by approximately 65 ms, thereby eliminating the

high llne pressure effects on the main LOX valve. Satisfactory results

were obtained. Because of the LOX sampling rate (12 sps) and the lack

of FM data, all sequence of events data are only accurate to _80 ms.

6.5 Component Operation

All components on J-2 engine S/N 2062 performed satisfactorily during the

S-IVB-208 acceptance firing, The main LOX valve opened satisfactorily.

However there was evidence (figure 6_18) of a slight retardation of the

second stage opening due to the buildup of the LOX pump discharge pressure,

6-7
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The retardation did not affect the start transient. Steady state

performance of the gas generator is shown on figur e 6-19. The main

LOX valve opening time data were as follows:

Parameter Specification Actual

First stage travel (ms) 50 _25 67

Plateau (ms) 510 +70 520

Second stage travel (ms) 1,825 !75 1,923

The engine driven hydraulic pump performed satisfactorily during the

acceptance firing. The gimbal program was conducted between approximately

ESC +44 and ESC +i01 sec. Calculations made during the gimbal program

showed the following/hydraulic pump performance:

Time From Horsepower

ESC Required

(sec) (hp!

60 4.27

80 9.22

I00 8.'35

This is point function data only and no extrapolations are to be made

between the time points given. For times prior to 44 sec and after

I01 sec, the required hp was 0.92. On subsequent acceptance firings

the gimbal program will be initiated at ESC +70 sec, thereby making

horsepower requirements constant at key evaluation tim_s. No tag

evaluations will be made during the gimbal program.

6.6 Engine Vibration

Four vibration measurements were monitored on the engine which included

one at the LOX turbopump, one at the LH2 turbopump, and two on the

combustion chamber dome. The LOX turbopump data were invalid as

explained in section Ii. The data from the three valid measurements

are shown in figure 6-20. The vibration levels at these locations

were comparable to those measured on past acceptance firings.

27 March 1967

]

]

U

M

]

]

J

]

]

]

]



C

If
[

)

J
0

B

I

U

m

0 0

I 0 e,I

I _ o

o o

I-I _ I
I _ o

co
0 o

I +1 o
> o ,_ -I-
i-I _o I
I cq o

o o
u'%

C_

C_

0

o

,*--, "CJ

.-.I -H 0

0 0
E] "_ "_

o

_u

c0
C

c_

_u

c_

o_

_u

_u

c_
.c

.c
[-_

0

_o_

Z
i,.-4

Z

o
fN

s
,,m

o

to

co
o

o _ _-i

v

_- +1 _ o_ o

,,..-4 _

_o _ u_ o

o

_-_ o_

I °

1.1
m

C

C

o _

o

m t_ _

,_ 0

_ C 0

27 March 1967

6-9



_r.,D

O

¢m,

I

[-4O

Z
O
r.D

Z
I-I

Z

6-10

o
c_

,--4 o0 -...I"

o
c_

tt%

co 0o ce_ u_
o o r-. c,_

O o _ o

,,.,T c,_ c-.I

• r4 i

v 0 "_ _

0 -,'t r'_
t_ ,.--I ,...-4

g g

o

_o +1 _ _
_ o

¢M _,4 ¢xl

o,-,I

• o

m m

_ M

I.M

o
1..1

o

_J

°_
_0

,o..1

o0

r_

E

o;-I

m_

o

27 Mai'; i_ I'i_l

3

3

3

3

3

D



0

._l:h
I

.<
E.-I

0

Z
0

p.I

0

[,-i

U

ul

Et u

II f! if H

(,,,I

El u

,,o
o _ ,.4

o4 r-..

¢,3
o4 ¢',3 o4

u'_ -..1" u'3

II II II II

{o
,,=

_) .

0 _

l:::=
0

"u

-<.,-I
0 ","_ _ F-_

_ _ 0

_0 C C 0"

0 _

'_1 _) _ O

II 0
0 _J _

_ Et_ U (J

o ,_ ,_

o

O_ o

o <1
_-_ "El

o _ o "o

E_ L) _ .,-_ .,-_

E-_

I
O_O_

{o _ {o

U_J I_
:x: cn _1 el
0",_ 1_,£:

I ::1

_ _'.,_,_ i_.
:::1_,_-_ _ _

_._

u o _)

_1 0._ _J

D

(J

.1= ,._

0

I:M

co

o"o
o oo

co
co

2"7 March 1967

6-ii



u

l

,oo

Z

Z

6-12

_4

0
r._

r..t.l

ra..1
u

)
O

r.,-1

,-1
,-1

:>
r.,.l
cl

[.,.,
i-4

::>

c_

I

<
r._

O
<

0

U
Z

r.t.]

Z
0

r_

o

::>

o

I _-]

_D
.<

>

C_
I

<

_D
<

<

u'3

O

O

O

.g

O

d

o

d

o

d

o

I

c;
I

I

u'3

I I I

o o

I

¢M
c-I

co

_4
o <t

C'4 .4

c,l

E
c,l
_4

o

t_

cM
r._

c_ _4

o'_
u-3

o

I

o

I !

O
u_

I

o

d
I

--,1"
o

d

_4

0'_

.g

o

E o

o

r_

..1:

-.1"

o
r'.-.

o
r-,,

I

o
u_

...1"

o
_o

E
cq

o
,--4

c_
I

o-_
.,,1"

u_

cq

u_
u._

o

c_

o_
,,o
.,,1"

ch

,,o
-3-

-.1"

!

00

00

u'-i

co

u-i

,--I

o
,,D
u_

o',

-,1"

O

c_
I

c,,I

,-4

Cq

-.T

L_
U_

C',I
",.1"

,u _ l
,'_ _ _ _ 0

,-, _? _ .._.._
_ _J o _J o •

,.c: O ,-_ ,-.-_ O,--_ :r: ,.-_ C

_J

._,-_

27 March 1967

]

]

]

]

]

]

]

]

]

]

]

]

]



[¢1
Z
0
i--I

H

!
xo

i-4
[D
Z

0

o

Z -
I,-I

0

Z

_0

_uu

0

+ i

mJ:_

u

0

0
i.-t

i-t

+l

o

I I

o ¢_I
I-_ cq
+

+I

0 o 0
o 0 o o o _

, +I +I o
o

o 0
0 o
o 0
,--I

+1 _1 o
I

0 0
0 0 0 0 0 U
o 0 o"1 u-1 o_ u

' _I _I eq
i.i

o o o
o _ o o _ o o -_l

I I I

o 0 o
o o o o o o o o
o _ _ u-_ u-_ o o 0_

o D m:_ 0 .._

t/l

o

o

r/l

,IJ

N

"-
u,_ _ ,_,

I C :D ,._
0 o _ ,--_

I _._ _,-_
0._ _ _

_J'---" _ _ 0

..,.4 _ _

N a, N _

_ _o

I I

I I

0
,--I _J

,.-4 (J

'0

U
.,.-i

o_ o
,--4

o

_J

0 u

,_ o t0

•,.4 _

•PI ,I_

tJ
_J ._

_.J
0 0

.6-13



Om

_Z

Z_Z

Z

p-%
u%

u,4
o

,-4 _.3 Z

• 0" Z 0

>.-

M Z

! _-t Z

Z r,3 Z
_,-1r_l Z _-I

_:_ ._-_

0

z

[-4 _

_n 0

Z

_z: [-_ .,.4

Z r_ _

J
<c;

6-14

o o4

o4
o
o

o

o

C

j::
¢J
.,4

o

-..4

0
C

o4
o
o

u'_ _ -.1" u'_ _ r',-

co 0 0 oo r-- oo 00

,.-4 ,-'4 U_

,'-4 ,--4 ,--4

C4 ¢'4 C4
o o o
o o o

o o o

o o o
,-.4 ,--4 Cq

• ,4 .,-4 .,-4

.c ,.c

• ,4 .,.4 .,..4

_ ,-4
_D O O _D o4
O O O O _ o_ O
O O O O O ,.-4 O
O ::_ _,_ O O ,-4 _ _ .
:_ _ o o o

,._ o o '._ o '._
o o I_

_n o o _n _n

o o o o
o o4 o.1 o _ cn u-_ o :D
O4 _ _ O4 I_ _ O4 _'_

C . _ _ o o -C
.,4 .,4 ._ .,4 e'_ U'_ .,-I O ,--4

,_ ._ _ ,_ _ _D _,O
•,4 .,_ .,4 ,4 O O -_ _ _ O

,..-4
O

r.n

,.-.4
O

C
O

:D :D :D O

_ _ o o o

_L co o _ _D _D _ _D O
_ r._ O _,

C O'_ • • _ _
_1_ _ _ .,_ O • ,-'4 ,-4 O _ [-_

r-- O ,-4 _D
O ,-4 ,-4 O
O O O O
0 O O 0

o4 _D r.. O O'_ 00
,--4 O4 O4 c.,I ,--4 ,-_
O ,-4 _ O ,--4 ,--4
O O O O O O

C

o

0_
C
o
,,_
4_i .,-4

_O
C C_

• co
o
o
o
_4

o4
o
o

27 March 1967

]

]

]

]

]

]

]

]



7

I

I-4

_n

Z

2 =
E-4

_Z

_Z

Z_

u'3

0

eq Cj Z

_M
• _ Z
¢) CZ r_ 0

_ Z
t'-Z -_

! H _tl

z _ z
_1 [...i >

< o

Z

r.n 0

0 Z

0
_J

0 0 _ 0
0 0 0 0

0 0 0 0

0 0 0 0

+I +I +I +I
0 0 _ 0

0 0

,-4
0

,I,J
C
0

°,.4
0

_._ 0

O_
0
0

0 0 0 _ _ 0 0

_ o o
o _ _ _ o

0 0 0 _ _

m 0
m m m _ o

0 _ _0

+1 _ _ _ +1 _ +
• +I +I +I

> >

m
> >

In in
•,.4 .,-4

c_ c_

._o .-_

•n I:_

&J ,-4 &J _,
_n L) _n o

('4
,.-4
0
_Z

c_
c4
,-4
0

O_ c.4 ,-_ c.4 ,-4 04
0 ,-4 ,-4 ,-4 _-4 ,-4
0 0 0 0 0 0

• :_ :_ h4 :_ :_ :_

,--4

0

C O0
0

_J C

O0"O

0
in C
C _J
•,-4 ,-4

0

u-%
0
0
0

In

0
,I..I

0
u.4

.C

•,4 ,-4

0

C
0

.-4
.C

.-_ (j

O.C
.,_
4_

in

0

0
0

¢1 0

0 -,-4

_[--_

•_'3 •

•_ I11

0 •

0 ,"_
°r-I _

in

27 March 1967

. 6-15



o

Z

v

r--z
I

_cD
Z

6-16

0

O_

Z

Z_

Z

Z
_-_ 0

_._
c_

Z

Z M
0

z

Z

0
ttl _

Z

Z
0

o

o

o

o

oq

oo o

_-- o_ o_
,_ cq _ cq D_

+1 m +1 o +1
u'_ 0 0 ,-4 0 ,-_
_0 0 O0 O0
•"-1"0 _0 _0

>

>

c0 oO
-i-4

_ 0 0 0

_._ rj -I¢ rO

0
0

_- 0
I_ 0

0 _._ ¢_,

,_ ._ 0

0 C

f,l

o o

o o r_

_-_ o o
o o o

o o

do do
_1 _ 0

•._ .,_

o o o

27 March 1967

o

AJ

>

4J
o

o I

o

AJ

,-4
_q

o

o

o

=-

¢,q
O
o

-,4
o

o+1

_0

o ._

II •

o _

o 0

,---I

o _ _

o _
o _

u_ o o

•_ 0 _0

o _ 0D



_

I

u_

0

Z

r,-z
I H

Z

H

Z

v
O_

Z

Z

Z Z
H M

Z_ M

u:

o

[..-t
Z

r.n O

0 Z

Z M
0
u

o

o

I I _ _,_ _. _ o-, _ _ I

,-I ,-I ,-I

o o o co
-.1" -.1" u_ ,.D ,,D c-.I ,-4
,--I ,-I O O O ,._ ,--I
O O O O O O I_ O

_ O O O _ O

o o _ _ E o o
o o o _ _

o O e_ _ m I_ O H

+I
_: J: +1 + _ .zo

_ o _ o u_
•,'_ ",-_ o _ o _ .,-_ o

:_ ,.o r-.. 0", _ :3: _ eq -Ic

u_ ,.D o o r-. co ,-I _D o_

Z o o o _ _ ,-_ r-_ ,-_ _-4
O O O O O O O O O

-IC .IC

O
C

u_ k_

0
&J
D
U

.,q.

C

CZ

03
,-4
0
0
b_

u

m d _-

0

• J _ _ _ (_

00 o_ ,--I
u_ u-1 0_
,-I ,-I ,-I
o o o

27 March 1967

6-17

u_

4,
u_
¢,j
.¢

o)

_J

u)

4J

o

u_
c_
o

,.-;

oo
-K



H

:ZO

_z

C_Z

_Ov

Z_
oo

0 E-_

_0 Z

Z

_ Z 0

e.. z x

z z M
M M ;-4 >

_0 Z
0

6-18

Z

O
_n C.9
[-,
Z C_

Z
:> .<

, _

._' _Z

Z
0

O

O

O%

E
O

O
,-I
,-4
+1
0 0
0 -.,-t
0 ,--I

0

,-_

O

,--4
O

4_

O

._
,-.-t

O
O
O

'-.1"
,-I
00

u_

i_-

O

,-I
O',
,-4

O
,-I

--1"
,-t
CO

o4

O
,-4

c_

Z

O
O
O

O

(n

O
O
O

O
,-4

O

_n

O
O
O

O
c_

•,-I u%
..C O
•u O
•H O

O

u.4

_n

O
O
O

O
c_

o
O

•,-I O

",n _n

m m

•,4 C_ .,_ :D

O

•N _ .,4 _)

•,-4 ,--I .,-I ,--I
M m M m
O> O>

u_ -.I"
o4 o4
,-4 ,-q

O O

O

C_

O
4J

O >
.,-4

O 0
_-_ _-_

C._ ___

> >

> >

,-_ ,-4

O

C_

¢q I'_
('40

_n O

o4 _-q

O O

27 March 1967

3

]

]

3

]

]

]

]



I

! i

I
+..a

i
x

,c-
O

or--

r-"

E

.t.

c-

t--

E

c-

L,m

OJ
!

I

,_.
:=I

+i,,_

LI..,

,--4
I

,+.D

_D

,-.I

ej

i m m m i u | | i i | |



U I H-H H N H N l | N l H i H

(_o) _lNJ._3cll_l
0

I

,J ;., • ,



i

_0

2O

IO

0
0

25,600 RI:_I/_ (

\

1000 2000 3000 4000 5000 6000 7000 8000 9000

DISCHARGE FLOW CGPI_

Figure 6-3. LH2 Pump Performance During Engine Start

27 March 1967

6-21



_o) gS_W_h_LL CVlSd) g_lnSS_kl 0_'1) SS_

J I
f

!

!

-i

Odo) _I.V'_dGJ. Oe'lSd) _SS_t_ G_'I) SS_

]

]

]

0

e-

(11 _11
e-

° ]

,g
!

"- _

6-22

27 March t967



I '

crJ
o.
_J

C_
ch

(3-

1000

9O0

8O0

7OO

600

5OO

400

300

200

100

I I

d-2 ENGINE CHAMBER
l I

PRESSURE (D0001)

_'KK_K _WWW KKWK KKKK

Lm-"_"_,

;,C

)( K

x PREDICTION

5O I00 150 200 250 300 350

TIME FROM ENGINE START COMM_D (SEC)

K

L
'6

400 450

Figure 6-5. J-2 Engine Chamber Pressure

27 March 1967

6-23



O

t9

F-

tn
a.

t_
UJ
aC
o.

40

2C

-2O

3OO

2.50

200

150

100 0

OQQC) O000(

PU VALVE

ooooooooo

0 PREDICTION

!
POSITION (G0010)

I

i .... :
O00QO000

Q

000000

PU VALVE OUTLET PRESSURE (D0057)

100 200

I

!
I

I

I
!

i
300 400

TIME FROM ENGINE START C_D (SEC)

500

]

]

]

]

]

3

3

]

]

]

]

]

Figure 6-6. PU Valve Operation

27 March 1967

6-24



1800
r_
oc
O
V

,,, 1700

1600

I.-

1500

r_ 1300

0
V

1200

. II00
ILl
F-

1000

8OO
r_
<

tO

a. 700

W

m 600
U_

O.

500

100
r_
<

a. 9o
V

W

m 80
W
e_

700

! i

i

LH2 TURBINE INLET TEMPERATURE

(EXTRAPOLATED FROM C0002)
I i I

\

J m_

\
LOX TURBINE INLET TEMPERATURE (C0002)

I

GAS GENERATOR CHAMBER PREC,.=URE(130010)

I I I I i,

LOX TURBINE INLET PRESSURE (D000/)

50 100 150 200 250 _00 350 400 450

TIPE FROM ENGINE START CO_D (SEC)

Figure 6-7. Turbine Inlet Operating Conditions

27 March 1967

6-25



9
o.
tv

o 8
V

r_
LIJ
1,1
{L
{/I

UJ
tv

#'%

}-

O

O

C)

(:}

uJ
(__

7

1100

100o

9OO

8OO

28

26

24

1300

1200

1100

1000
0

LOX PLM:' SPEED CT0502)

I

Ooo__o o OP_DICTI_
OOo_OOO

Fw --

LOX PUHP DISCHARGE PRESSURE CD0009)

11-t2 PI.._ SPEED (T0002)

o

LH2 PUMP DISCHARGE PRESSURE (D0008)

100 200

,w,,"

;00 400 500

TIME FROM ENGINE START C_D (SEC)

6-26

Figure 6-8. J-2 Engine Pump Operating Characteristics

27 March 1967



i

240

n,,
o
v

200
i./

_ 160

W
1--

120

220

O
v

., 200
ev

_ 180

I,LI
F-

160

1100

1ooo
v

LLI
r.,

9oo
IJJ
c_
0.

8OO

I000

V

I'll

8OO

700
0

I I I I I ]

THRUST CHAMBER SKIN TEMPERATURE (C06h5)

I I

#m V
I I I

LH2 INJECTOR TEIVPERATURE (C0646)

I I I I I

LOX INJECTOR PRESSURE (D0005)

i I I I

-_ _ _ .--,,__ _..._

i I I
I..H2 INJECTOR PRESSURE (D0004)

I I l I
50 100 150 200 250 300 350 400 450

TIME FROM ENGINE START COHvIAND (SEC)

500

Figure 6-9. J-2 Engine Injector Supply Conditions

27 March 1967

6-27



|

35OO

3000

V

J

2500

2000

9000

LOX FLOWRATE CF0506)

J

I_H2FLOWRATE (F0507)

7000

6000
0 I00 200 300 400

TIME FROM ENGINE START CO_D CSEG)

500

Figure 6-10. L0X and LH2 Flowrate

27 March 1967

6-28

O

3

3

]

]

3

@



i .

90

0
.UJ
u_

x 85
nm
_J

_J

8o

I.L

7._

48O

c_
ILl

440
mr,
_J
_J

ILl

400

q

U

¢,n
_1
,.j

U-

36O

6OO

55O

500

450

LH2 FLOWRATE

.-o;__-6-o-o-o-_:o.F. 71,

"''_l _k

LOX FLOWRATE

!

;I

_'e-o-o-_

o G105

x F823

-- AVE P_AGE

O-Q PREDI CTIOl

F

TOTAL PROPELLANT FLOWP_ATE

100 200 300 401

TIFC FROM ENGINE START COMMAND (SEC)

500

Figure 6-11. Engine Steady State Performance

27 March 1967

(Sheet l of 2)

6-29



24(

/-%
h

--_ 22(
C_
C_
0

_j 20(

180

16C

435
_J

Iii

m, 430

c_ 425

U..

42o
5.8,

5.6

C_

o_; 5.4

m

_. 5.2'

J I:
_J

4.8i

4.6
0

THRUST

I I

SPECIFIC IMPULSE

. I I ._o_;

_! • • •

_._- -i_.

MIXTURE RATIO

"®'e-®-O.

i00 200 300

0 G105

x F823

-- AVERAGE

_PREDICTIO_

400

(TIME FROM ENGINE START COMMAND (SEC)

500

]

]

]

]

]

6-30

Figure 6-11. Engine Steady State Performance

27 March 1967

(Sheet 2 of 2)



250

2/-i.0

23O

22(

21(
,.J

0
0
C_

,_j 200

_9o

180

170

160

150
0

• L

X
X

x PREDICTION

m AVERAGE

50 100 150 200 250 300 350

TIME FROM ENGINE START COH_D (SEC)

4.00 450

Figure 6-12. J-2 Engine Thrust History

27 Hatch 1967

6-31



800

700

600

500

m _00

_00

200

100

220

200

180

160

1_0
..l

o

120
I,,,-

100

0
0

80

GO

I I I 1
THRUST _R PRESSLe.,;E(DO001)

I

!

f
/

k0

20

I

THRUST

0.5

/

f

/'f
/
/ _

/.

1.O 1.5 2.0 2.5 3.0 3.5 _.0 _.5

TIME FROM ENGINE START ODHMAJ'_OCSEC)

5.0

]

]

]

3

]

]

D

Figure 6-13. Engine Start Transient Characteristics

27 _arch i967

6-32 . .



(:lg'l O001) lg'l_Hl

ul
c-
O

,r.-

o_._
S.-

tn

S.-
c--

I-"

7
_0

C_
,r-
U..

i7 March 1967

. . 6-33



O-
O3
.d

O
C)

C_

-r-

250

245

240

235

230

220
60 i00 140 '180 220

TIME FROM ENGINL START COMMAND (SEC)

260 _00

]

.]

]

]

]

]

6-34

Figure 6-15. Thrust Variations Hardover (5.5/I.0 EMR)

27 March 1967



]

<

G.

l,i

G.

,m
..J

0
0

_J

F-

7OO

600

500

_.00

3O0

200

I00

200

180

160

140

120

100

8O

60

kO

2O

\

\

1 I -I I
THRUST CHAHBER PRESSURE (D0001)

I

I

THRUST

O0 0.2 0.4 0.6 0.8 1.0 1.2 1. b, 1.6 1.8

TIMEFROM ENGINE CUTOFF COFt'ta_D (SEC)

2.0

Figure 6-16. Engine Cutoff Transient Characteristics

27 March 1967

6-35



I"N
(.)
tU
tn
!

i,
rm
_J

O
O
O

tU
if}

60

50

40

30

20

Io

/

/

0 0.2 0.4 0.6 0.8

J

.0 1.2 1.4 1.6 1.8

TIME FROM ENGINE CUTOFF C_ (SEC)

]

]

]

]

]

]

Figure 6-17. Total Accumulated Impulse After Engine Cutoff Command

27 March 1967

6-36



J

4

0

Z

0 o
(3O

(_'3N_ dO 1N33_3d) NOIIISOd GNV 3"_INSS3_d

O O O O O

27 March 1967

6-37



¢q
I

OJ
w-4

rn
_J

WX

_o,
..00
_E"

Inn
V3

_E
a3
.J
_J

LU

-J
LL

U
UJ

=£
=3
-J

LU

_J
I,

L)
UJ
U3

a3
_J
_J

EL.

1.0

0.9

0.8

4.0

3.5

3.0

2.5

5

3

8

_OQOOOoQoQ

MIXTURE RATIO

OQQO00000 \\

\

o \
O

Q

000

T

O

LOX FLOWRATE

I

0 PREDICTION

Oo___o_
,, . .,

I
LH2 FLOWRATE

I

• i

TOTAL FLOWRATE

I
100 200 300

TIME FROM ENGINE START C(2Vt_A_(SEC)

400 500

]

]

]

]

]

]

0

Figure 6-19. Gas Generator Performance

27 March i967

6-38



N
F--

LLi
"I-

%

LIJ

I--'T-

LUC)
QL..:I-

FO

10

.1

.01

.001

10

N
F-
nz
l,I
I

c,4 _ I

£3

u_Z

123
S

U.I
I--- "1-

U.I_,

l:g

O

.00110

E0555-401LOX

TURBOPUMP-LATERAL

DATA NOT VALID

E0707-B03 VIBRATION SAFETY

COMBUSTION CHAMBER DOME

CUTOFF NO. 1-THRUST

,,,,,, IIH]
l Illll I Illll I]lll

I [1111 I I]111 [ Illll

I tlIt Ilirl,I _ fillllIt III1_] "%J lllltl

I ill JIl
:',',',,, I]iL!,_,:_: / ]iiiiii
l 111"_, ,11111,,,,, I II ',"],
I IIl]l IPI_MI £ I III11

---- II!£i', IIIIII V'" IIII]1

IIIitl ,,,],, ,,,,,,

IIIIII '"'" '""I]Jill .IIII]I
IIIIII lllill illlll

II 6.0 GRMS I]

II s cll
IIIIII I I I IIIIII

i00 I000 i0000

E0556-401 LH2

TURBOPUMP- LATE RAL

i ; _ i !
I IIIII i i

I IIIII

IIIII _

-- I I III ;
i i i i I
] I I II
I I Ill
[1111 i
ITIll j I

IIIII _ i

.... It ,
I Llll / i

I I_,dl I.: !

I
i ;ii',

I COMPOS I TE

I_o.o G_s
iESC +424 SECIIIIII I I IIIII

E0706-B03 VIBRATION SAFETY

COMBUSTION CHAMBER DOME

;UTOFF NO. 2-THRUST

II]',;', ' i 'l"

I0

\

I00

Illl]l

IIIII1
IIIIII
IIIIII

.I
[ I I]ll[_IU

e

,111 HI
. '_II[11

l llIII
IIIIII

I[lill
Iltill

II
Ii[,,,

I I

I [
I I I

i [
I J
I I

[ I
I 1
II

II
1
1

t
[ I

II
, , , ,,,

i i [[[

COMPOSI TE

6.3 GRNS
ESC +424 SEC

i000 i0000

FREQUENCY (HERTZ)

Figure 6-20. Engine Vibration

27 March 1967

6-39



Q

/
/

OXIDIZER SYSTEM

The oxidizer system functioned adequately, supplying LOX to the engine

pump inlet within the specified limits. The net positive suction head

(NPSH) available at the LOX pump inlet exceeded the engine manufacturer's

minimum requirements at all times.

_7.1 Pressurization Control

rThe LOX tank pressurization system (figure 7-1) satisfactorily maintained

pressure in the LOX tank throughout the acceptance firing. All portions

of the system performed close to the design requirements except for the

cold helium regulator in the LOX tank pressurization control module,

which operated outside of specification.

7.1.1 Prepressurization

LOX tank prepressurization and pressure makeup cycles before simulated

liftoff were accomplished from Ground Support Equipment console "B"

cold helium supply (figure 7-2). Helium purges of the vent valve and

the LOX tank ullage pressure sensing line increased the ullage pressure

to the vent relief setting as usual. The hardwire ullage pressure

measurement (D0540) indicated high due to back pressure caused by a

calibration valve in the sense line. The valve was located downstream

of the sense line and purge line junction. Table 7-1 compares signifi-

cant LOX tank prepressurization data from two previous acceptance firings.

7.1.2 Pressurization

The operation of the LOX tank pressurization system was near nominal

(figure 7-3) during engine firing and comparedwell with that of previous

stages except during the start transient. At engine start command, the

ullage pressure was 41.4 psia. During the start transient, a greater

than normal pressure decrease (34.25 psia) occurred due to a lower

control regulator outlet pressure and to tile increased LOX flow to the

uprated engine. Secondary flow was required six times to maintain the

ullage pressure within the range of 37.5 to 39.5 psia during the firing

27 March 1967
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instead of the predicted seven times. Table 7-2 compares the S-IVB-208

stage pressurization system data with that from two previous acceptance

firings.

During the fifth interval of secondary flow, the control regulator also

failed to respond or open normally, and the LOX tank pressurization

module outlet pressure dropped 30 psia below the overcontrol regulated

pressure leyel for approximately 2 to 3 sec. The malfunction appears

to be a component problem. The pressurization module is being removed

and inspected to determine the source of the two anomalies and will be

replaced if necessary.

The pressurization module outlet pressure (D0105) was slightly below

specifications (385 _25 psia) during the first 240 sec of engine opera-

tion, and the cold helium flowrate was slightly low. Both of these

anomalies were due to the low regulator pressure.

7.2 Cold Helium Supply

At engine start command, the cold helium spheres contained 254 Ibm of

helium at 3,046 psia and 40.0 deg R. The conditions of the cold helium

spheres at significant times are presented in table 7-2. The temperature

and pressure profiles were normal and are shown in figure 7-4.

7.3 J-2 Heat Exchanger

The J-2 heat exchanger functioned satisfactorily (figurc_ 7-5). The

performance was not significantly affected by the temperature of the

entering combustion products, which was higher than usual because of the

uprating of the J-2 engine (section 6) and tile corresponding increase of

the gas generator combustion temperature. The measured LOX vent inlet

temperature and the theoretical mixture temperature compared reasonably

well with previous test data. Table 7-3 compares siguificant S-IVB-208

stage heat exchanger data with that from two previous acceptance firings.

7.4 LOX Pump Chilldown

The LOX pump chilldown system performance was adequate. At engine

start command, the NPSH at the LOX pu_p inlet was above the minimun_

27 March 1967
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required at that time. The chilldown system data and the results of the

performance calculations are presented in figures 7-6 and 7-7 and

compared with data from two previous acceptance firings in table 7-4.

The chilldown pump was started 602 sec prior to simulated liftoff in

order to more closely simulate conditions during flight. The shutoff

valve was left open until a few seconds before cutoff, showing that the

LOX supply system could operate adequately with the valve open.

A microswitch talkback failure occurred and made it necessary to

examine the LOX flowrate and other appropriate measurements to determine

if the LOX shutoff valves had actually opened. This failure was caused

by a leak in the seal of the microswitch cover gasket, which allowed

moisture or air to cryopump into the switch housing. A redesign of this

part has been proposed.

The calculated heat input to section i (tank to turbopump inlet) appeared

to be abnormally high, primarily because the LOX chilldown pump outlet

temperature (C0163) was indicating low. Investigation revealed that,

during burn (when th_ shutoff valve is open and the flowrate from the

tank to the turbopump is high) this temperature should be nearly the

same as the LOX turbopump inlet temperatuz_ (C0004), but was 1.8 deg

lower instead. The bleed valve temperature (C0651) was also consistently

0.9 deg below the, _aturation temperatur_ before the chilldown pump was

started. It was lower than the pump discharge pressure during burn as

well, indicating tl_at the temperature should be adjusted. Therefore,

these biase_ (1.8 and 0.9 deg R) were applied for the heat input calcula-

tions. The results are more realistic and are compared to data from

two previous acc_ptaac_ firings in tabl_ 7-4 and as follows:

27 March 1967
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HEATINPUTRATES(BTU/HR)

SECTION

IIi II

1. (tank to

turbopump
inlet)

2. (pump inlet
to bleed

valve)

3. (bleed valve

to tank

inlet)

CALCULATED

FROM RAW DATA

20,500

5,000

CALCULATED FROM

C0163 AND C0651

WITH BIAS

4,000

14,000

I0,000 2,000

AVERAGE OF S-IVB

-204, -205, AND -206

i

4,170

13,000

2,330

Total 35,500 20,000 19,500

]

]

3

]

]

]

7.5 Engine LOX Supply

The LOX supply system (figure 7-8) delivered the necessary quantity of

LOX to the engine pump inlet throughout the engine firing and maintained

the pressure and temperature conditions within a range that provided a

LOX pump NPSH above the minimum requirements. The data and calculated

performance are presented in figure 7-9. Table 7-5 compares S-IVB-208

stage data and calculated performance with that from two previous

acceptance firings.

During engine operation, the LOX pump inlet pressure and temperature were

very near the predicted values, although during the pressurization system

start transient, the pump inlet pressure and, consequently, the NPSH

dropped lower than had been anticipated. The primary factor affecting

the pump inlet pressure is the ullage pressure, which is discussed in

paragraph 7.1.2.

The LOX pump inlet pressure and temperature were plotted in the engine

LOX pump operating region (figure 7-10) and showed that the engine LOX

pump inlet conditions were metsatisfactorily throughout engine operation.

In figure 7-11, the pump inlet temperature is plotted against the mass

remaining in the LOX tank during engine operation and is compared to the

S-IVB-206 and -207 test data biased to an identical initial condition.

It is apparent that the heat transfer to the LOX was very similar to that

noted on the previous firings.
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7.6 LOXTank Vent and Relief Valve Operation

The LOXtank vent and relief valve performance was satisfactory, as

determined during the terminal count. During the LOXtank vent and

relief test, the valve appeared to crack at 41.9 psia and reseat at

39.7 psla. Evaluation indicated the abnormally wide dead band of

2.2 psla was the result of an inaccurate pressure measurement. The
isense line purge on the ullage pressure measurementactive at that

itime (D0540) apparently madethe pressure indications unreliable and

inconsistant. These data were thus disregarded.

During the terminal count, an ullage pressure sensor with an unpurged
sense line was indicating 42.5 psia when the valve cracked as a result

of the ambient helium purges flowing into the tank; the valve reseated

at 42.2 psia. These values indicate that the vent and relief performance

was satisfactory.

27 March 1967
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TABLE7-1
LOXTANKPREPRESSURIZATION

I

PARAMETER

Prepressurization initiation (sec from ESC)

Prepressurization duration (sec)

i

Number of makeup cycles

Prepressurization flowrate (Ibm/sec)

Helium added to LOX tank during main

prepressurization (Ibm)

Helium added to LOX tank during makeup

cycles (ibm)

Ullage pressure at prepressurization

initiation (psia)

Ullage pressure at prepressurization

termination (psia)

Ullage pressure at engine start (psia)

S-IVB-206

-312

13

1

0.25

to

0.35

3.3

1.9

14.7

40.2

38.3

S-IVB-207

-311

16

I

0.22

to

0.32

4.00

0.66

15.2

40.5

41.9

S- VB-208
• i, 0

-315

19

2

0.22

to

0.30

3.87

O. 65

15.0

39.2

41.4

27 March 1967
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TABLE7-2 (Sheet 1 of 2)
LOXTANKPRESSURIZATION

PARAMETER

Ullage pressure at engine start (psia)

Minimumullage pressure during start
transient (psia)

Numberof secondary flow intervals

LOXtank pressure control band (psia)

LOXtank pressurization total flowrate:

During overcontrol (Ibm/sec)

Predicted (ibm/sec)

During undercontrol (ibm/sec)

Predicted (ibm/sec)

Helium in cold helium spheres at Engine
Start Command(Ibm)

S-IVB-206

38.3

32.9

6

36.9
to

38.9

0.38
to

0.44

0.34
to

0.40

O.2-7
to

0.31

0.23
to

0.26

251

Cold helium sphere pressure at Engine

Start Command (psia)

Average cold helium sphere temperature

at Engine Start Command (deg R)

Helium in cold helium spheres at Engine

Cutoff Command (ibm)

Helium consumed during engine firing as

calculated from sphere conditions (ibm)

Helium consumption calculated by

integration of flowrate (Ibm)

3,020

40.0

91

160

148

S-IVB-207

41.9

36.3

7

37.43

to

39.45

0.39

to

0.48

0.42

to

0.46

0.28

to

0.36

0.29

to

0.33

254

2,990

39.7

97

157

155

S-IVB-208

41.4

34.25

6

37.5

to

39.5

0.36

to

0.44

0.39

to

0.47

0.26

tO

0.32

0.27

to

0.32

254

3,046

40.0

i00

154

142

27 March 1967
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TABLE7-2 (Sheet 2 of 2)
LOXTANKPRESSURIZATION

PARAMETER

Cold helium sphere pressure at Engine
Cutoff Command(psia)

Average cold helium sphere temperature
at Engine Cutoff Command(deg R)

Estimated temperature loss in i0 feet
of uninsulated line:

During overcontrol (deg R)

During undercontrol (deg R)

MaximumLOXtank vent inlet
temperature* (deg R)

S-IVB-206

70O

47.3

14

38

530

*Redline is 560 deg R.

S-IVB-207

640

44.8

7

17

496

S-IVB-208

648

42.2

II

28

506

#

}

27 March 1967

7-9



i
I

TABLE 7-3

J-2 HEAT EXCHANGER PERFORMA_NCE DURING HIGH EMR PORTION OF FIRING

t PARAMETER

¥1owrate threugh heat exchanger:

During overcontrol (ibm/sec)

Durlng undercontrol (ibm/sec)

Heat exchanger inlet temperature:

During overcontrol (deg R)

During undercontrol (deg R)

Heat exchanger outlet temperature*:

During overcontrol (deg R)

During undercontrol (deg R)

Heat exchanger outlet pressure:

During overcontrol (psia)

During undercontrol (psia)

Heat exchanger outlet temperature at

engine cutoff (deg R)

Average LOX vent inlet pressure:

During overcontrol (psia)

During undercontrol (psia)

S-IVB-206

0.187

to

0.205

0.072

6O

7O

974

1,028

338

to

36R

395

to

42O

930

68

48

S-IVB-207

0.215

0.085

S-IVB-208

0.20

0.080

60

73

957

1,002

60

7O

980

1,000

335

to

360

385

to

407

902

72

51

315

to

345

380

to

4OO

906

69

51

B

[I

]

]

]

]

]

* Estimated from measurement C0009 and uninsulated line temperature loss.
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TABLE 7-4

LOX CHILLDOWN SYSTEM PERFORMANCE

PARAMETER S-IVB-206 S-IVB-207 S-IVB-208

NPSH at Engine Start Command (psi)

NPSH at start of chilldown (psi)

Minimum required at engine start (psi)

NPSH at opening of prevalve (psi)

Average flow coefficient (sec2/in2ft 3)

Pump inlet pressure at engine start (psia)

30.3

5.7

16.5

39.7

16.7

47.2

33.2

5.0

16.5

41.9

15.3

50.0

Pump inlet temperature at engine start (deg R)

Pump inlet temperature at engine cutoff (deg R)

Heat absorption rate (Btu/hr)

Section 1 (tank to turbopump inlet)

Section 2 (pump inlet to bleed valve)

165.3

168.0

4,000

13,500

164.6

167.5

2,000

14,200

Section 3 (bleed valve to tank inlet)

Total

Unpressurized chilldown flowrate (gpm)

Pressurized chilldown flowrate (gpm)

Unpressurized pressure drop (psi)

Pressurized pressure drop (psi)

Events (sec from T)

Chilldown start

Prevalve open command

Prevalve closed signal dropout

Prevalve open signal pickup

Delay between prevalve open command

and pickup of signal

Chilldown shutoff valve closed

Prepressurization

Engine Start Command

Engine Cutoff Command

1,000

18,500

39.3

41.2

8.4

9.8

-3O5

146.36

147.32

149.15

2.79

150

-160

150.77

586.92

2 ,800

19 ,000

36.7

41.0

8.7

i0.0

-302

146.88

147.50

149.08

2.26

150

-161

150.86

598.94

32.0

5.0

16.5

40.4

15.6

49.5

165.6

167.9"

4,000

14,000

2,000

20,000

37.7

43.0

8.0

i0.0

-602

146.39

147.16

148.69

2.30

566.57

-165

150.27

576.87

!

.!
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TABLE 7-5

LOX PUMP INLET CONDITIONS

PARAMETER

Pump inlet conditions at engine start:

Static pressure (psia)

Temperature (deg R)

NPSH requirements:

At high EMR (psi)

After EMR cutback (psi)

NPSH available:

At Engine Start Command (psi)

At start transient plus time (psi/sec)

At Engine Cutoff Command (psi)

Minimum and time of occurrence (psi/sec)

Suction duct:

High EMR

Pressure drop (psi)/flowrate (ibm/sec)

After EMR cutback

Pressure drop (psi)/flowrate (ibm/see)

S-IVB-206

47.2

165.3

20.2

14.3

S-IVB-207

30.3

22.3/21

50.0

165.2

21.0

14.9

S-IVB-208

49.5

165.6

20.2

14.25

18.5

18".5/ECO

2.6/450

1.7/380

33.2

26.0/20

21.8

21.8/ECO

1.4/450

0.4/368

32.0

22.8/21

20.7

20.7/ECO

1.8/468

1.3/379

27 March 1967
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FUEL SYSTEM

The fuel system performed as designed and supplied LH2 to the engine

within the limits defined in the engine specification, although marginal

performance was noted in the pump chilldown operation.

8.1 Pressurization Control

The LH2 tank pressurization system (figure 8-1) performed adequately

and satisfactoriIy controlIed LH2 tank ullage pressure throughout the

firing.

8.1.1 Prepressurization

LH2 tank helium prepressurization from GSE console "B" was satisfactory.•

Data are presented in figure 8-2 and compared with S-IVB-206 and -207

data in table 8-1. As a result of low supply pressure (D0778), the

helium flowrate was somewhat lower than normal. This resulted in a

longer than usual prepressurization duration. Th_ helium mass used in

prepressurizing the tank was somewhat lower than previously noted because

of slight differences in volume and pressure switch setting, as compared

with previous tests. After prepressurization was terminated, the ullage

temperature increased because of ambient heat input until engine start

command and resulted in the ullage pressure increase shown in the figure.

8.1.2 Pressurization

During engine operation, LH2 tank pressurization was satisfactorily

accomplished by the GH2 tapoff system (figure 8-1). The data are

presented in figure 8-3 and compared with data from two previous

acceptance firings in table 8-2. The data indicated a performance level

substantially higher than that noted on previous stages. This increased

performance, i.e. flowrate, is a direct result of the uprating of the

J-2 engine (J-2062) which is effective on this and subsequent stages.

The steady-state fuel injector pressure of 910 psia was approximately

60 psia higher, and the fuel injector temperature at 192 deg R was 5 to

I0 deg R lower than the normal levels observed on past stages. Both of

27 March 1967
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these conditions contributed to the higher levels of fuel pressurization

flowrate. The higher flowrate plus the narrow pressure switch control

band (table 8-2) resulted in a control cycle that wasof a higher

frequency and shorter duration than those noted on previous stages.

The tank relief valve cracking pressure was not reached on this firing
because the pressurization system had been operating on undercontrol

for approximately 35 sec prior to step pressurization and the ullage

pressure had decreased to a relatively low level, thus preventing step

pressurization from increasing the pressure to a level that would unseat
the valve.

8.2 LH2 Pump Chilldown

The fuel chilldown system performance was adequate; pump inlet conditions

at engine start command were 38.1 psia and 41.4 deg R which produced an

NPSH of 7.6 psi. This performance, which was similar to that observed

during the S-IVB-207 stage acceptance firing, was not as good as seen in

previous chilldown operations (table 8-3) because of unusually high heat

inputs to the chilldown system. This heat input, however, was not as

great as that during the S-IVB-207 firing and did not produce unfavorable

conditions during the engine start transient. System data and the

results of performance calculations are presented in figures 8-4 and 8-5

and compared with da_a from two previous acceptance firings in table 8-3.

The flowrate went through the usual start transient except that it

decreased to 46 gpm before it increased to and stabilized at 80 gpm.

After another small transient, the flowrate reached 85 gpm where it

remained until prepressurization. During the steady-flow period, the

pressure drop across the chilldown pump was i0 psid. The unpressurized

steady-state flowrate, which was 15 gpm below normal, and the pressure

drop, which was slightly higher than usual, indicate excessive vaporiza-

tion in the system.

Examination of the data, during a quiescent period before recirculation

was initiated, revealed that the liquid in the system was saturated at

that time. Pump inlet temperature C0658, pump outlet temperature C0157,

and return line temperature C0161 were biased on this basis.

27 March 1967
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The flow coefficient, which is a measure of the chilldown system flow

resistance, was higher than that of previous acceptance firings. For

the S-IVB-208 acceptance firing the LH2 in the system was subcooled during

pressurized chilldown; unlike the saturated cond£tion found at the return

llne during prepressurizatlon of the S-IVB-207 stage acceptance firing.

However, the pressurized flowrate (136 gpm), which was significantly

lower than normal, led to the calculation of a relatively high flow

coefficient (20 sec2/in2ft3). The average flow coefficient calculated

for pressurized chilldown was then used to determine the fluid quality

during unpressurized chilldown. Since the pressure drop for the S-IVB-207

and -208 acceptance firings are the same and the S-IVB-208 flow coefficient

is higher, the fluid quality obtained for the S-IVB-208 acceptance firing

is lower than that of S-IVB-207.

Because of instrumentation limitations, the heat input resulting in LH2

vaporization in section I (table 8-3) during unpressurized operation

could not be calculated; the 24,500 Btu/hr (table 8-3) represents

sensible heat only. The heat input going into LH2 vaporization, as

calculated from the fluid quality estimate, was arbitrarily assigned to

sections 2 and 3 (table 8-3), although this unusually high heat input

(31,000 Btu/hr) can also be attributed to condensed nitrogen on the

system return line.

After prepressurization, all of the heat inputs went into heating the

pressurized fluid, and no vaporization occurred because all temperatures

were below saturation. The total pressurized heat input is within the

range of other acceptance firings in which the helium purge was operating

at 65 scfm; however, the heat input is excessive in section 1 while it

is below normal in sections 2 and 3. The same general phenomenon occurred

during the S-IVB-207 firing.

The cause of this heat input is being investigated; several sources are

discussed in the following paragraphs:

a. The helium purge of the chilldown valve was checked after the

firing, and the flow was found to be 65 scfm. A gas sample

taken from within the fairing contained less thatl 2 percent

nitrogen; there were no apparent leaks between the outside

27March 1967

8-3



8-4

environment and the inside of the fairing. It is, there-

fore, doubtful that any GN2could have condensedon the

hardware if the purge operated during the acceptance flring

as it did during postfiring checkout. Analysis, however,
indicates that GN2condensation on the recirculation llne

(including pumpand shutoff valve) inside the fairing could

be responsible for the high heat transfer into this section.

b. 'The foam insulation around the chil]down pumpand valve was

examined and found to be loosely installed. Any ambient heat

would have penetrated the system quite freely if the purge had
failed for somereason.

c. The improved GN2purge system in the aft interstage on S-IVB-207
and -208 directed more GN2onto the chilldown llne running

outside the fairing through the interstage to the feed duct.

However, the vacuumjacket around the line was checked and

found to be adequate, thus any heat transfer to this part of

the chilldown line was negligible.

d. Since the elbow on the end of the return line at the tank

inlet was not insulated for the S-IVB-207 and -208 firings, it

is almost certain that GN2would condenseon this section.

However, the heat input to this final section appears to be
lower than usual rather than excessive.

e. The excessive heat inputs did not occur during the S-IVB-205
and -206 acceptance firings Qr during the special S-IVB-503

chilldown test, all of which were performed on the Beta III

test stand. The problem was encountered only on S-IVB-207

and -208, which were both tested on the Beta I test stand,

indicating that a facility problem maybe involved. This

possibility is presently being investigated.

8.3 Engine LH2 Supply

The engine LH2 supply system (figure 8-6) satisfactorily supplied LH2 to

the engine pump inlet throughout engine operation and maintained the

pressure and temperature within a range that provided an NPSH above the

27 March i967
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minimum requirement. The data and the results of the performance

calculations arepresented in figure 8-7 and compared with data from

two previous acceptance firings in table 8-4.

The fuel pump inlet pressure and temperature were plotted in the engine

operating region (figure 8-8) and showed that the fuel pump inlet

conditions were met satisfactorily throughout the firing. Figure 8-9

is a plot of the pump inlet temperature versus the mass remaining in

the LH2 tank during burn and included previous acceptance firing data for

comparison. The S-IVB-208 data agreed closely with the S-IVB-206 and

-207 data.
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TABLE8-1
LH2 TANKPREPRESSURIZATION

,.

PARAMETER S-IVB-206 S-IVB-207 S-IVB-208

Prepressurization initiation (sec from TO)

Prepressurization termination (sec from TO)

Prepressurization duration (sec)

Helium mass used during

prepressurization (Ibm)

Ullage pressure at prepressurization

termination (psia)

Ullage pressure at simulated liftoff (psia)

Ullage pressure at engine start (psia)

Ullage pressure rise rate after

prepressurization (psia/min)

68.5

36.4

33.6

35.0

37.6

1.22

71.6

38.72

34.1

34.7

37.4

i. 04

-109.6

-32.1

77.5

33.76

33.4

33.9

36.4

0.99
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TABLE8-2
L_2 TANKPRESSURIZATION

PARAMETER

Number of control cycles

Control pressure switch range (psia)

Ullage pressure at engine start (psia)

Ullage pressure at step

pressurization (psia)

Ullage pressure at engine cutoff (psia)

Time of step pressurization (sec from ESC)

S-IVB-206

2

26.8

to

29.1

37.6

29.1

38.6

301.1

S-IVB-207

2

27.1

to

29.3

37.4

28.5

38.9

301.3

GH2 pressurant flowrate:

Undercontrol (Ibm/sec)

Overcontrol (ibm/sec)

Step before cutback (ibm/sec)

Step after cutback (ibm/sec)

Total GH2 pressurant mass (ibm)

Time of relief valve opening (sec from ESC)

Pressure at relief valve operation (psia)

LH2 boiloff during engine operation (ibm)

0.35

0.63

1.12

1.04

281.6

407

38.4

0

0.36

0.65

I.I0

0.99

281.2

4O8

38.35

0

N/A - not applicable

27 March 1967

S-IVB-208

2

27.3

to

29.0

36.4

28.2

37.3

300.2

0.40

0.68

1.18

1.08

285.1

N/A

N/A

0
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TABLE 8-3 (Sheet 1 of 2)
FUELCHILLDOWNSYSTEMPERFORMANCE

PARAMETER S-IVB-206 S-IVB-207 S-IVB-208

MaximumNPSH(psia)

NPSHat Engine Start Command(psia)

MinimumNPSHrequired engine start (psia)
Average flow coefficient (sec2/in2ft 3)

Fuel quality (sections 2 & 3 - unpressurized)

Maximum(ibm gas/Ibm mixture)

At prepressurization (Ibm gas/Ibm mixture)

'Fuel pumpinlet at Engine Start Command

Static pressure (psia)

Temperature (deg R)

Heat absorption rate - unpressurized (Btu/hr)*
Section I

Sections 2 and 3

Total

Heat absorption rate - pressurized (Btu/hr)*
Section i

Section 2

Section 3

Total

Unpressurized chilldown flowrate (gpm)
Pressurized chilldown flowrate (gpm)

Unpressurized pressure drop (psia)

Pressurized pressure drop (psia)

25.5

18.0

6.4

18.2

0.033

0.025

38.5

38.6

21,000

18,000

39,000

17,500

22,000

21,500

61,000

15.9

6.8

6.3

18.95

0.377

0.067

38.2

41.6

24,000%

38,000

62,000

49,000

I0,000

13,500"*

72,500**
I08

143

9.4

8

85

139

,i0

8

17.5

7.6

6.5

20.0

0.295

O. 049

38.1

41.4

24,500*

31,000

55,500

46,000

3,000

14,000

63,000

85

136

9.8

8

*Section i is tank to pump inlet; section 2 is pump inlet to bleed valve;

section 3 is bleed valve to tank.

%These values represent only the sensible heat observed in section I. Due to

instrumentation limitations, the heat input going into LH2 vaporization in
section 1 cannot be calculated.

**These values represent only the sensible heat observed in section 3. Due to

limitations of the method used, the heat input going into LH2 vaporization
cannot be calculated.

27 March 1967
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TABLE 8-3 (Sheet 2 of 2)

FUEL CHILLDOWN SYSTEM PERFORMANCE

PARAMETER

Events (sec from T O)

Chilldown start

Prevalve closed

Prepressurization

Prevalve (start) open

Events (sec from T O)

Chilldown pump off

Chilldown shutoff valve closed

Engine Start Command

S-IVB-206

-305.1

-301.8

-Ii0.i

147.22

150.2

150.34

150.16

S-IVB-207

-505.6

-301.9

-110.7

147.86

150.26

150.44

150.86

S-IVB-208

-596.5

-592.7

-109.6

148.6

150

568.7

150.27

]

]

]

]

]
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TABLE 8-4

LH2 PUMP INLET CONDITIONS

i .

PARAMETER

Pump inlet conditions at engine start

Static pressure (psia)

/ Temperature (deg R)

NPSH requirements

At high EMR (psi),

After EMR cutback (psi)

NPSH available

At Engine Start Command (psi)

At Engine Cutoff Command (psi)

Minimum NPSH (psi) and time of

occurrence (sec from ESC)

Suction duct

At high EMR

Pressure drop (psi)

Flowrate (Ibm/sec)

After EMR cutback

Pressure drop (psi)

Flowrate (Ibm/sec)

S-IVB-206

38.5

38.6

18.0

10.2

9.5

245

0.5

82.1

0.5

77.0

S-IVB-207

38.2

41.6

6.8

16

9.5

270

0.5

80.5

0.3

74.2

S-IVB-208

38.1

41.4

7.6

16

9.5

215

0.5

85.5

0,5

79.4

°

27 March 1967
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'PNEUMATIC CONTROL AND PURGE SYSTEM

The pneumatic control and purge system (figure 9-1) performed satisfactor-

ily throughout the acceptance firing. The helium supply to the system was

adequate for both pneumatic valve control and purging; the regulated

pressure was maintained within acceptable limits and all components

functioned normally. The temperature transducer for this system was

removed before the acceptance firing; therefore, mass and temperature

data cannot be presented. The data that were obtained are presented

in figure 9-2 and are compared with data from two previous acceptance

firings in table 9rl.

9.1 Pneumatic Control

All engine and stage pneumatic control valves responded properly through-'

out the countdown and acceptance firing. The pneumatic control helium

regulator operated satisfactorily.

9.2 Ambient Helium Purges

During the acceptance firing, i0 purge functions were satisfactorily

accomplished. The pneumatic system was isolated from ground support

equipment at TO +90 sec; therefore, the purges from the facility were

discontinued at this time. The purge function characteristics are

listed in table 3-2.

Throughout the acceptance firing, the LOX chilldown motor container

purge pressure was maintained within the design range. This demonstrated

satisfactory pperation of the ambient helium purge system.

The data trend appears normal but the stabilization pressure during

chilldown pump operation is higher than seen during previous tests.

This abnormality is presently under investigation.

27 March 1967
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TABLE 9-I

PNEUMATIC CONTROL AND PURGE SYSTEM DATA SUMMARY

PARAMETERS

Sphere Conditions

Pressure at simulated liftoff (psla)

Pressure at TO +90 sec* (psia)

Pressure at Engine Start Command (psla)

Pressure at Engine Cutoff Command (psla)

Temperature at simulated llftoff (deg R)

Temperature at TO +90 sec* (deg R)

Temperature at Engine Start Command (deg R)

Temperature at Engine Cutoff Command (deg R)

Mass at TO +90 sec* (Ibm)

Mass at Engine Cutoff Command (Ibm)

Mass usage from T^ +90 sec* until
u

prevalves opened (ibm)

Mass usage during interval required to close

LOX and LH2 chilldown shutoff valves (ibm)

Mass usage during engine operation (ibm)

Total mass usage from T O +90 sec * to

Engine Cutoff Command (ibm)

Regulator Outlet

Maintained output pressure (psia)

System pressure drop during start and

cutoff transients (psid)

LOX Chilldown Motor Container Purge

Purge pressure range

S-IVB-208

2970

2946

2935

2930

540-510

445

49-52***

S-IVB-207

3005

3010

2989

2985

480

480

480

487

i. I0

1.07

0.005

0.025

0

O. 03

540-510

445

49-52***

S-IVB-206

I

3150

3135

3090

3010

523

520

517

511

1.166

1.143

0.006

0.017

0

0.023

545-520

470

40***

*GSE was isolated at TO +90 sec.

**Temperature and mass data are not available for S-IVB-208 stage because the

temperature transducer was removed before the acceptance firing.

***Pressure switch range was 37 to 40 psla for S-IVB-206; it was 49 to 53 psia

for S-IVB-207 and -208.

27 March 1967
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I0. PROPELLANT UTILIZATION SYSTEM

The propellant utilization (PU) system accomplished all design objectives

as listed in Douglas Report No. SM-47458, Saturn S-IVB-208 Stage Accep-

tance Fining Test Plan.

The S-IVB-208 acceptance firing was the second test of the PU system

redesigned slosh filter and the reshaped LOX sensor. PU system

operation with these modifications was satisfactory throughout burn

with PU valve cutback occurring at Engine Start Command (ESC) +303 sec.

The predicted valve cutback time was ESC +280 sec. Flow integral

results s_ow that the LOX tank-to-sensor mismatch was reduced by the

redesigned LOX sensor. • The reduced LOX tank-to-sensor mismatch combined

with the LH2 tank-to-sensor mismatch resulted in a PU valve and thrust

tail-up during the last 30 sec of burn. The +3.5 deg valve tail-up

resulted in a 2,700 ibf thrust increase.

Final loaded PU indicated mass is more within 0.56 and 0.71 percent of

actual LOX and LH2 masses, respectively.

i0.i PU System Calibration

Tile nominal pre-acceptance mass sensor calibration was determined from

a combination of empirical and theoretical analysis.

The propellant mass at the lower calibration point was determined from

the calculated unique tank volume and predicted propellant density. The

corresponding capacitance was determined from vendor's sensor calibration

data and fast drain data from.previous acceptance firings.

The LOX propellant mass and its corresponding capacitance at the upper

calibration point was determined from the vendor's calibration data and

the immersed LOX sensor data from the S-IVB-207 stage. The LH2 propellant

mass and its corresponding capacitance at the upper calibration point

was determined from the vendor's calibration data and sensor data from

the S-IVB-501 and -502 stages. The LOX and LH2 PU mass sensor calibrations

are listed in the following table:

/

_Z7 " ............. ....

iO 1
•.. ----



10-2

PU MASS

SENSOR

LOX

LH2

CAPACITANCE

(Pf)

281..54

413.O8

410.97

972.02

1,188.44

1,151.53

MASS

(ibm)

1,339

196,396

193,273

211

44,981

37,346

LOCATION

Bottom of inner element

Top of inner element

Full load

Bottom of inner element

Top of inner element

Full load

10.2 Propellant Utilization

10.2.1 Propellant Loading

The following is a tabulation of the desired, indicated, and actual

full propellant loading at (TO) for the S-IVB-208 stage acceptance firing:

PROPELLANT LOADING

Desired full load (predicted)

Indicated full load (PU reading)

Actual full lo_d (flow integral)

Difference (indicated less desired)

Difference (actual less desired)

Difference (indicated less actual)

LOX

(ibm)

193,273

193,550

• 192,481

277

-892

1,069

LH2

(ibm)

37,346

37,364

37,102

18

-244

262

10.2.2 Propellant Mass Histor X

Propellant mass history during the stage acceptance firing is presented

in table i0-I. Results of the flow integral and volumetric methods of

mass determination will be used to calibrate the PU system capacitance

mass sensors to achieve the desired I percent stage loading accuracy

for flight.
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_iow integral mass values shown in table I0-I were based on the analysis

of engine flowmeter data, and thrust chamber pressure differential.

Residual mass values at engine cutoff were based on best estimate

residual data.

The flow integral method consists of determining the mass flowrate

of LOX and LH2 and integrating as a function of time to obtain total

,consumed mass during firing. The initial full_loaded mass on board is

determined by adding the following items to the total consumed mass:

DESCRIPTION

Propellant residual

Net mass lost through boiloff

GH2 pressurant used

TOTAL

LOX

(ibm)

1,587

140

1,727

LH2

(ibm)

1,013

285

1,298

10.2.3 Propellant Residuals

Propellant residual masses were computed at engine cutoff command using

both level sensors and the PU mass sensor. One LH2 level sensor (LO002)

and two LOX level sensors (LO004 and LO005) were used for this purpose.

Propellant residuals from level sensors are derived by subtracting the

propellant consumption between level sensor activation and engine cutoff

command from the propellant mass at level sensor activation. The

propellant consumption data were obtained from engine flow data.

The best estimate residuals are at engine cutoff generated by the level

sensor and PU'mass sensor data.

The following table presents a comparison of propellant residuals.

LEVEL SENSOR RESIDUAL AT ENGINE CUTOFF

LO05

LO04

LO02

Statistical

average

LOX (ibm)

1,778

1,476

• 1,558 +225

LH2 (ibm)

962

962 +61
m

27 March 1967
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STAGERESIDUALAT ENGINECUTOFF

Level Sensor Statistical

Average

PU System

Stage Residual Best Estimate

LOX (ibm)

1,558 +--225

1,646 +--320

1,587 +184

LH2 (ibm)

962 +61
w

1,090 _75

1,013 +47

10.3 System Operation

10.3.1 PU System Response

Figures i0-I and 10-2 indicate the normalized nonlinearity of the LOX

and LH2 mass sensor as compared to the flow-integral reference. If

a smooth curve were drawn through these graphs, it would represent the

mass sensor-to-tank mismatch. The LOX mass sensor has a maximum error

of approximately 0.34 percent occurring near the 40 percent level of the

tank. The LH2 mass sensor has a maximum error of approximately

O.39 percent, near the 12 percent level of the tank. Superimposed on

these hypothetically smooth mismatch nonlinearity curves are the

manufacturing-produced discontinuities in the linearlty.

PU system valve cutback occurred at ESC +303 sec. The predicted valve

cutback time was ESC +280 sec. The PU system response with the new

slosh filter was as expected during the cutback transient. The actual

mean level of valve position after the cutback transient was approximately

3.5 deg higher than predicted. The major difference between the actual

and the predicted PU valve response was caused by the difference between

actual and predicted J-2 engine environment and tank-to-sensor mismatch.

The following table summarizes the deviations between the actual and

predicted valve position histories.

27 March "1967

1

]

3

]

]

3
3

]

3

3

]

3

J



F

DESCRIPTION

i. Engine performance

shift

2. Open loop flowrate deviation

:_3.-Loading deviations

4

4. PA49 Mass/capacitance

calibration deviations

o Difference between predicted

and actual PA49 tank-to-sensor

mismatch nonlinearities

Total

CUTBACK TIME

DEVIATION (sec)

0

15.0

2.3

0.5

5.0

22.8

VALVE POSITION

SHIFT (deg)

-0.5

1.0

0

0

2.5

3.0

Considering the above factors, the predicted cutback time would increase

by 22.8 sec and the mean level of valve position after cutback would

increase by 3.0 deg. This gives a close comparison between the actual

valve response and the postfiring reconstruction (shown in figure i0-3).

The thrust variations during the last 70 sec of burn exceeded tile MSFC

thrust requirements (table 6-6). Figure 6-14 shows the thrust history

of the last 70 sec of burn. The mean slope during the last 70 sec

was -60 ibf/sec and tile maximum deviation from this mean slope was

2,200 Ibf. The deviation of the predicted mean from the actual mean

at ESC -70 sec was 5,000 ibf. The maximum slope during the last 70 sec

was -440 Ibf/.sec. There was a thrust tail-up of 2,700 ibf during the

last 30 sec due primarily to the actual tank-to sensor mismatch and the.

J-2 engine environment. The last i0 sec of the cutback transient

occurred during the last 70 sec of burn due to the shorter engine burn

(described in section 6) and the later (23 sec) than nominal predicted

PU valve cutback.

At ESC +342 sec, an engine performance shift occurred which caused the

LOX and LH2 flowrates to be higher than predicted (section 6). The

performance shift had no effect on the PU valve cutback time, but did

10-5



10-6

result i_ a change in the valve level by -0.5 deg in the last 70 sec. The

valve position history difference was obtained by comparing the actual

results with a simulation that did not include the engine performance

shift.

The effect of the differences between the predicted and actual pump inlet

condltlons, pressurlzatlon rates, boiloff rates, and engine tag values for

the S-IVB-208 acceptance firing was to increase cutback time by 15.0 sec

and to shift the mean level of valve position after cutback by +1.0 deg.

Loading deviations are the differences between the PU system indicated

loads at engine start command and the desired PU system indicated loads

at engine start command. The loading deviations were +331 ibm LOX and

+38 ibm LH2. The combined effect of these loading deviations increased

cutback time by 2.3 sec. The mean level of the valve position after

cutback is not affected by these loading deviations.

Calibration deviations at engine start command were 0.599 percent LOX

and 0.812 percent LH2 thus causing the initial masses to be over loaded

by the above percentages. Calibration deviations at engine cutoff

command were 0.262 percent LOX and 0.505 percent LH2. The slope

deviations between engine start command and engine cutoff command

0.339 percent LOX and 0.319 percent LH2. These slope deviations did

not significantly affect the desired bridge gain ratio (BGR) of 4.8:1.0.

The LOX equivalent calibration error between the mass/capacitance end

points was +0.02 percent. Thls LOX equivalent calibration deviation

caused a 0.5 sec increase in cutback time and a O deg shift in valve

position.

The effect of the differences between the average of previous acceptance

test tank-to-sensor mismatch results used for the S-IVB-208 prediction

and the actual S-IVB-208 acceptance tank-to-sensor mismatch increased

cutback time by +5.0 sec and shifted the mean value of valve position

by +3.0 deg.
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Figures 10-5 and 10-6 show the predicted and actual mismatch extended

to the sensor extremities with the sensor manufacturing nonlinearities

removed. The LH2 mismatch error tail-off that occurred between a LH2

tank mass of 8,000 ibm and cutoff, was the primary cause for the PU

valve tail-up during the last 30 sec of burn. The S-IVB-208 LOX

tank-to-sensor mismatch was reduced by the LOX sensor reshape. The

shape and magnitude of the LOX and LH2 tank-to-sensor mismatch error

Curves obtained from the S-IVB-207 and -208 acceptance tests are

approximately the same.

10.3.2 PU Efficiency

The closed-loop PU efficiency was found to be 99.99 percent based on

the extrapolation to depletion of all usable propellants. Using engine

consumption rates at cutoff, extrapolation resulted in a total usable

residual of 26.2 ibm LH2. The propellant consumption flowrates at

engine cutoff were 79.53 Ibm/sec of LH2 and 383.73 ibm/sec of LOX and

represent the summation of the total flow through the engine, the

boiloff rates, and the GH2 pressurant flowrate at that time.
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II. DATA ACQUISITION SYSTEM

The data acqulsltlon system performed as designed by demonstrating the

competency of acquiring stage information, conditioning the data signals,

translating these signals into proper telemetry format, and transmitting

the telemetry information to a ground station. The measurements which

comprlse this system are specified in Douglas Drawing No. IB43561L,

In8tr_mentation Program and Component8 List (IP&CL). A measurement

summary is presented in the following table:

Measurement Efficiency

Total number of measurements designed

Total number of measurements deleted

Total number of active measurements

Measurement failures

Total successful measurements

99.4%

232

55

177

I

176

The data acquisition system satisfactorily accomplished its acceptance

firing criterion as specified by the Stage Acceptance Firing Test Plan

(SM 47458, as amended). The system performed as expected; no system

malfunction was observed and the system was free of radio frequency

interference and was electromagnetically compatible with other stage

systems.

II.i Instrumentation Subsystem Performance

The instrumentation system performed satisfactorily throughout the

acceptance firing. The system performance is presented in table Ii-I.

The status of the inactive measurements is tabulated in table 11-2.

Ten measurement problems were observed during the acceptance firing.

These discrepancies that occurred are listed, with their qualification

comments in table 11-3.

One measurement failed during the firing, C0001 [Temperature-LH2

Turbine Inlet, Gas Generator (GG) Gas].

Measurement C0134 (Temperature-LH2 Pump Discharge) indicated a data

offset due to uncompensated calibration.

27 March 1967
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11-2

MeasurementD0009 (Pressure-LOX PumpDischarge) shlfted calibration.

MeasurementsD0183and D0184 (LH2 Tank Non-Prop. Vent i and 2 Pressures)

were susceptible to the radio frequency (RF) environment. These are

strain gage type transducers which were knownfor these undesirable
indications.

Multiplexer problems were encountered on measurementsM0030[Range

Safety (R/S), F/U i Exploding Brldgewire (EBW)Voltage] and NO003(PU

System, LH2 Fine Mass Indication).

Chilldown inverter noise (EMCproblem) was observed on measurements

DOI04 (LH2 Pressure Module Inlet Pressure), M0006and M0007(Engine

Control and Ignition Buses), and M0069[Aft Telemetry (T/M) Full Scale

Reference Voltage].

The remote analog checkout system (RACS)calibration at TO -3,044 sec
(1119:02 PST) verified that all measurements were within acceptable

tolerance except those mentioned above.

The comparison of pulse code modulation (PCM) and hardwire, table 11-4

[strip chart, ground instrumentation system (GIS), frequency modulation

(_m)] data was satisfactory. Confidence in the T/M data has been verified.

11.2 Telemetry Subsystem Performance

The telemetry system _erformance was good. No loss of system synchroni-

zation was observed. Good data were received from all channels. Digital

data acquisition system (DDAS) to T/M comparison did not reveal any

difference in data.

Infllght 270 multiplexer calibration was observed at TO -3,045, TO +93,

and TO +628 sec. Calibration was verified on all channels.

11.3 RF Subsystem Performance

The RF system performed well within system specifications. Acceptable

signal strength was observed at the ground station.

The nominal RF assembly power output was 18.3 watts. The voltage

standing wave ratio (VSWR) was 1.60:1.

27 March 1967
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/11.4 Electromagnetic Compatibility

Interference from other stage Systems was not observed. However,

several transducers exhibited electromagnetic susceptibility. These

were mentioned previously under paragraph ii.I.

11.5 Emergency Detection System Measurements

' The LH2 and LOX tank ullage emergency detectibn system (EDS) pressure
i

i measurements performed satisfactorily. The variation between the LOX

i EDS measurements, which is within instrumentation tolerance, was

introduced in the data reduction process.

11.6 Hardwire Data Acquisition System Performance

The ground instrumentation system (GIS) provides a backup and data

comparison for certain stage telemetry system parameters in addition

to recording measurements from the ground support and facility equip-

ment. The GIS also provides strip charts for redline and cutoff

parameter monitoring. The GIS performance during the acceptance firing

was satisfactory.

The following table presents the type of recording equipment and the

number of channels used during the acceptance firing.

Ground Recorder Channels Assigned

Beckman 210 Digital Data System

Constant Bandwidth FM

Wideband FM

Strip Charts

Total

234

61

6

28

329

Table 11-5 presents a tabulation of the various types of measurement

data recorded and the performance of the system.

q
J

27 March 1967
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/

II.6.1 / Hardwlre

There was one measurement failure and one measurement was classified

partially successful yielding an overall hardwlre efficiency of

99.65 percent. Measurement discrepancies that occurred during the

acceptance firing are listed in table 11-6.

]

]
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]
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]

]
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TABLE ii-I

INSTRUMENTATION SYSTEM PERFORMANCE SUMMARY

FUNCTION

Acceleration

Acoustic

Temperature

Pressure

Vibration

Flow

Position

Events

Liquld. Level

Volt/Current/Freq

Miscellaneous

NUMBER

ASSIGNED

PER IP&CL

0

0

45

58

0

4

8

68

5

29

13

INACTIVE

a

13

24

0

5

8

1

0

4

ACTIVE

g

32

34

4

3

6O

4

29

9

FAILED

Strain

Speed

Total

0

2

232

0

55 177

DISCREPANCIES

m

1

4

0

0

0

0

4

I

0

i0

J
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I
i TABLE 11-4 (Sheet i of 2)

TELEMETRY TO HARDWIRE DATA COMPARISON (TO +213 sec)

PARAMETER

T/M

NMN PCM

Temp - LH2 Pump Inlet C3 37.2

Temp - LOX Pump Inlet C4 165.5

Temp - GH2 Start Bottle C6 198

Temp - Electrical Control Assembly CII 509

Temp - LOX Tank He Inlet C16 505

Temp - LOX Pump Discharge C133 170.0

Temp - LH2 Pump Discharge C134 52.1

Temp - Thrust Chamber Jacket C199 142

Temp - Cold He Sphere No. 4 C210 35.0

Press - Thrust Chamber DI 804

Press - LH2 Pump Inlet D2 29.7

Press - LOX Pump Inlet D3 40.8

Press - Main LH2 Injector D4 907

Press - LH2 Pump Discharge D8 1,258

Press - LOX Pump Discharge D9 1,098

Press - GG Chamber DI0 705

Press - Cont He Reg Discharge DI4 551

Press - Cold He Sphere DI6* 1,378

Press - GH2 Start Bottle DI7 1,227

Press " Engine Reg Outlet DIS 414

Press - Cont He Supply DI9 2,490

Press - He (Amb) Sphere DI60 2,901

Press - LOX Tank Ullage - EDS i D177 29.5

Press - LOX Tank Ullage - EDS 2 D178 30.2

Press - LH2 Tank Ullage - EDS 1 D179 38.4

Press - LH2 Tank Ullage - EDS 2 DI80 38.4

Press - Common Bulkhead Int D208 0.0

Flowrate - LOX FI 2,990

Flowrate -.LH2 F2 8,209

*Exhibited RFI

27 March 1967
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H/w

NMN GIS S/C F/M

C658! 37.2 37.1 37.0

C659 165.3 165.0 165.3

C649 204 215 --

C657 506 ....

C662 500 ....

C648 169.9 -- 169.4

C644 51.6 -- 51.0

C645 145 146 --

C661 34.3 33.6 --

D524 805 804 --

D536 28.7 29.7 29.0

D537 39.7 39.7 38

D518 914 -- 895

D516 1,279 -- 1,280

D522 1,130 -- 1,160

D530 717 -- 700

D581 566 566 570

D542 2,080 2,080 --

D525 1,225 1,214 1,230

D535 413 415 --

D534 2,511 2,510 --

D541 2,920 2,895 --

D539 30.0 30.7 --

D539 30.0 30.7 --

D540 38.5 38.5 --

D540 38.5 38.5 --

D545 -0.i 0.0 --

F506 2,961 -- 2,969

F507 8,101 -- 8,164

I

I

I

3

3

3

3

3
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TABLE 11-4 (Sheet 2 of 2)

TELEMETRY TO HARDWIRE DATA COMPARISON (TO +213 sec)

PARAMETER

TIM HIW

*Position - Pitch Actuator

*Position - Yaw Actuator

Position - PU Valve

Voltage - Engine Control Bus

Voltage - Engine Ignition Bus

Voltage - Aft Battery 1

Voltage - Aft Battery 2

Voltage - Fwd Battery 1

Voltage - Fwd Battery 2

Current - Fwd Battery i

Current - Fwd Battery 2

Current - Aft Battery 1

Current - Aft Battery 2

Speed - LOX Pump

Speed - LH2 Pump

NMN PCM NMN GIS S/C F/M

GI 0.2 G504 -- 0.05 0.2

G2 0.0 G505 -- -0.02 0.15

GI0 0.17 G503 0.17 0.15 0.15

M6 29.1 M514 28.7 28.8 28.8

M7 29.2 M515 29.0 28.8 --

MI4 29.1 M541 29.1 -- 28.9

MI5 60.0 M540 59.8 60.6 --

MI6 29.9 M543 29.9 -- 28.9

MI8 28.6 M542 28.9 -- 28.8

MI9 i0.0 M536 ii.0 -- 10.5

M20 4.8 M537 4.7 -- 5.0

M21 12 M534 13.0 -- 12

M22 24.0 M535 24.0 23.0 23.0

T1 8,774 T502 8,824 -- 8,813

T2 27,536 T503 27,496 -- 27,446

*Compared at TO +218 sec
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/
! TABLE 11-5

HARDWIRE DATA ACQUISITION SYSTEM

MEASUREMENT

TYPE

Pressure

Temper@ture

Flow

Position

Voltage/Current

Events/Switches

Speed

Level

Vibration

Miscellaneous

TOTALS

RECORDED

77

41

2

i0

27

125

2

i

4

4

286

FAILED

0

0

0

0

0

0

0

0

I

0

PARTIALLY

SUCCESSFUL

0

0

0

0

I

0

0

0

0

0

SUCCESSFUL (%)

lO0

I00

i00

i00

i00

i00

I00

I00

75

i00

99.65

]

]

]

]

]

]

B
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TABLE 11-6

HARDWIRE MEASUREMENT DISCREPANCIES

f

J

MEASUREMENT

NO.

I,

E555

M723

PARAMETER

Vibratlon-Oxldlzer

Turbopump-Radial

Reference Voitage-

GSE, 5 vdc

REMARKS

Measurement failed to produce valid

data during the acceptance firing

because of noise spikes throughout

the test. The cause of the failure

is unknown.

The measurement dropped out three

times during the LOX loading. It

was normal the remainder of the test.

The discrepancy was found to be a bad

submultlplexer relay in the Beckman

210 Digital Data System.

i
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12. ELECTRICAL POWER AND CONTROL SYSTEMS

12.1 Electrical Control System

All control system events that function as a direct result of a switch

selector command performed satisfactorily as shown in the sequence of

events (section 5). The system performance of non-programmed events is

presented in the following paragraphs.
1

12.1.1 J-2 Engine Control System

All event measurements verify that the engine control system had

responded properly to the engine start and cutoff commands.

The engine cutoff signal was non-programmed. This cutoff was initiated

by the propellant utilization (PU) processor which indicated that a

I percent LOX level had been attained.

12.1.2 Range Safety System

During the engine burn phase, the range safety system was employed for

verification of performance integrity. Evaluation of the measurements

in table 12-1 and figure 12-1 verified that the range safety system

performed satisfactorily.

12.1.3 Control Pressure Switches

A review of the event and pressure measurements listed in table 12-2

verified that each control item functioned properly. The actuation and

deactuation pressures for pre_ and post-acceptance firing are presented

in table 3-3.

12.1.4 Vent Valves

The LOX and LH2 vent valves were commanded open and close by CSE, bypassing

the switch selector. The vent valves responded to these commands although

.°
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12-2

the LOXvent valve close indication chattered 13 times beginning approx-

imately 5.224 sec before engine start and the LH2 directional vent valve

ground position indication chattered 126 times over a period of 1.422 sec

during the boil-off period. The measurements used in this evaluation

are listed in table 12-3.

12.1.5 Chilldown Shutoff Valves

!

A review of the measurements listed in table 12-4 indicated that the

LOX valve closed command was never received and no talkback after the

valve was commanded open. The close command was not received because

of a digital events recorder (DER) problem as verified by the tests

results tape. The open talkback was not received because of a micro-

switch failure on the valve. The commands were issued and received by

the valve as designed.

12.1.6 Flll and Drain Valves (LH2 and LOX)
ill

Prior to simulated liftoff the fill and drain valves were commanded

closed through the umbilical. These valves remained closed throughout

the acceptance firing. After firing, the fill and drain valves were

opened to drain the remaining propellants. The data review of the

measurements listed in table 12-6 verified that the valves performed

satisfactorily.

12.1.7 Depletion Sensors

The evaluation of the measurements listed in table 12-7 and figure 12-2

showed that LH2 sensor No. i cycled abnormally from wet to dry after

submergence. All other depletion sensors (LH2 and LOX) performed as

expected.

12.2 APS Electrical Control System

The APS simulator No. 188B was activated for verification of the APS No. i

and No. 2 engines control functions.

Exhibits of the engine feed valves verify that the electrical control

system performed within prescribed limitations.

27 March 1967
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The monitored results are shown in the following table:

Measurement Function Specified Miaimum Actual
No. Value Value

K132 APS Engine 1-1/1-3 3.2 vdc

Feed Valves Open

K133 APS Engine 1-2 Feed 3.2 vdc

Valves Open

4.05 vdc

4.1 vdc

K134 APS Engine 2-1/2-3 3.2 vdc

Feed Valves Open

3.95 vdc

K135 APS Engine 2-2 Feed 3.2 vdc

Valves Open

4.05 vdc

The specified minimum value of 3.2 vdc indicates that all of the feed

valves were operating.

!

_5

12.3 Electrical Power Systems

The electrical power system performed satisfactorily throughout the

acceptance firing. The voltage, current and simulator temperature

profiles are shown in figures 12-3 through 12-5.

12.3.1 Static Inverter - Converter

The static inverter - converter operated within its required limits

during the firing. Its actual values are shown in the following table:

Charac teris tics Maximum Minimum Acceptable
Limits

Voltage (vrms) 114.5 114.2 115.0 +--3.45

Voltage (vdc) 5.07 5.06 5.0 +--0.5

Voltage (vdc) 21.92 21.4 21.0 +__1.5

-i.0

Frequency (Hz) 400.7 400.6 400.0 +--6.0

27 March 1967

12-3



12.3.2 5-Volt Excitation Modules

The performance of theforward No. I and No. 2, and aft 5-volt excitation

modules was satisfactory during the acceptance firing. The actual

values are shown in the following table:

Characteristics

Aft Voltage (vdc)

Forward 1 Voltage (vdc)

Forward 2 Voltage (vdc)

Maximum Minimum Acceptable
Limits

5.02 5.01 5.0 +0.05

4.99 4.98 5.0 +0.05

4.98 4.97 5.0 +0.05

12.3.3 Chilldown Inverters

The chilldown inverters performed satisfactorily during the acceptance

firing. During the operation of the chilldown inverters, some data

exhibited approximately 2 percent noise; since this occurred prior to

engine start, it did not degrade any of the engine performance data.

]

]

]

]

]

]

]

]
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TABLE 12-4

CHILLDOWN SHUTOFF VALVES MEASUREMENTS

3
MEASUREMENT

NO.

K136 K551

K139 K552

K137 K544

K138 K545

K544

TITLE

Event - LH2 Chilldown Shutoff Valve Closed

Event - LOX Chilldown Shutoff Valve Closed

Event - LH2 Chilldown Shutoff Valve Open

Event - LOX Chilldown SHutoff Valve Open

Event - LH2 and LOX Chilldown Shutoff Valve Closed -

Energized

]

I
TABLE 12-5

FILL AND DRAIN VALVES MEASUREMENTS

MEASUREMENT

No.

K3 K554

KI9 K546

K4 K553

KI8 K547

TITLE

Event - Fuel Fill and Drain Valve Closed

Event - Fuel Fill and Drain Valve Open

Event - LOX Fill and Drain Valve Closed

Event - LOX Fill and Drain Valve Open

TABLE 12-6

DEPLETION SENSOR MEASUREMENTS

MEASUREMENT

NO.

K597

K598

K599

K676

K601

K602

K603

K675

TITLE

Event - LH2 Depletion Sensor No. I Wet

Event - LH2 Depletion Sensor No. 2 wet

Event - LH2 Depletion Sensor No. 3 Wet

Event - LH2 Depletion Sensor No. 4 Wet

Event " LOX Depletion Sensor No. I Wet

Event - LOX Depletion Sensor No. 2 Wet

Event - LOX Depletion Sensor No. 3 Wet

Event - LOX Depletion Sensor No. 4 Wet

3

J

3

12-8
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13. HYDRAULIC SYSTEM

•The engine wassuccessfully positioned and gimbaled during the hydraulic

system test program. Two portions of objective No. 9 of Douglas Report

No. SM-47458A, Saturn S-IVB-20B Stage Acceptance Firing Test Plan,

dated November 1966 were partially missed; namely, a leaking accumulator

permitted GN2 loss prior to the firing in excess of the allowable

limits defined in item a.l., and the engine-driven hydraulic pump over-

shoot pressure fluctuations were in excess of the allowable limits

defined in item b.l.; this was attributed to the accumulator piston being

bottomed due to the GN2 leakage. The system function, to position the

engine in response to guidance commands, was not adversely affected.

Significant event times are presented in the following table:

Event

Aux Pump ON

Simulated liftoff

Engine-driven Pump START

Support Links DROPPED

Gimbal Program START

Gimbal Program STOP

Auxiliary Pump OFF

Auxiliary Pump ON

Engine Cutoff/Engine-driven

Pump STOP

Auxiliary Pump OFF

Time from Simulated

Liftoff (sec)

-674

0

151

185 (yaw)

186 (pitch)

195

252

336

383

578

588

,1
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13-2

/

13.1 System Pressure at Salient Times
J

The GN2 precharge, normally 2,350 +_.50psla at 70 deg F was 2,015 psla

at 54 deg F prior to TO -674 despite deliberate "overcharging" before

the firing. GN2 leakage through the bootstrap piston vent valve path

was observed at a rate of 5 to 50 psia/hr, or up to 2,650 times the

allowable maximum of 6 scc/hr. This leakage requires replacing the

P/N IB29319-519 (S/N 23) accumulator-reservoir.

Auxiliary pump pressure was 3,590 psia at system leakage flow, the

englne-driven pump steady-state output was 3,665 psia (digital data).

Overshoot at start was 4,130 psia, and 3,225 to 4,180 psla during the

glmbal program. The objective limit of 3,400 to 3,900 psia was exceeded

as a direct result of the accumulator piston being bottomed due to the

low precharge. This englne-driven pump had already been scheduled for

replacement with the improved compensator attachment model; therefore,

performance evaluation of this particular unit is of minimal importance.

The engine-driven pump did assume the system leakage flow requirement

during steady-state operation. The power requirement was 0.93 hp.

Return pressure accurately reflected system pressure. Prior to auxiliary

pump ON at T -674, it was 67 psia. Prior to ignition, 177 psia was the

value, increasing to 181 psia following start transients and the glmbal

program. Some "peaking," which tracks the syste_ pressure, was seen

during the start transients (200 psia) and gimbal program (200 psia).

13.2 Reservoir Level at Salient Times

Reservoir level prior to T O -674 was 89 percent (equivalent to 92.5 per-

cent at 70 deg F), increasing to 96 percent following auxiliary pump OFF

after cutoff. Minimum was 27 percent shortly after auxiliary pump start

when the accumulator piston bottomed.

27 March 1967
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i

i
13.3 Hydraulic Fluid Temperature History

Time from Simulated Engine-Driven Reservoir Accumulator

Liftoff (sec) Pump Inlet (°F) (°F) GN2 (°F)

-674 (auxiliary ON) 45 47 54

150 (ignition) 71 85 62

195 67 62

252 73 to 83 67 62

577 (cutoff) 116 76 62

588 (auxiliary OFF) 118 76 62

13.4 Engine Side Loads

Peak loads in the support links during engine start transients are

presented in the following table:

Item Load (ibf)

Pitch link +17,000 -14,000

Yaw link +28,000 -19,500

13.5 Hydraulic Fluid Flowrates

Approximations from reservoir fill and emptying rates are presented in

the following table:

Item

System internal leakage

Auxiliary pump maximum

Flowrate (gpm) Allowable Flowrate (gpm)

0.43 0.4 to 0.8

I. 58 I. 50 min

13.6 Miscellaneous

Thrust offset approximation from actuator differential pressure

"immediately prior to and following cutoff, using 164,000 net thrust, was

0.016 in. from the stage longitudinal axis, 26.5 deg from fin plane II

toward fin plane III.
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14.
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FLIGHT CONTROL SYSTEM

The dynamic response of the hydraulic-servo thrust vector control system

during the acceptance firing of the S-IVB-208 stage was measured while

the J-2 engine was gimbaled. The performance of the pitch and yaw

hydraulic-servo control systems was found to be acceptable.

14.1 Actuator Dynamics

The frequency response test of the pitch and yaw hydraulic-servo control

system for a _I/2 deg sinusoidal signal between 0.6 and 9 cps, and for

a _i/4 deg sinusoidal signal between 0.6 and 2 cps verified the

acceptability of the actuator responses. The acceptable limits and the

gain and phase plots within these limits are presented in figures 14-1

and 14-2.

14.2 Engine Slew Rates

A nominal 2 deg step command was applied to the pitch and yaw actuators

from which the engine slew rates were determined. The minimum acceptable

engine slew rate is 8 deg/sec, which corresponds to an actuator piston

travel rate of 1.66 in./sec. A nominal slew rate for a 2 deg step

without the effects of gimbal friction is 13.6 deg/sec. The measured

values were found to be acceptable and are presented in the following

table:

Actuator Condition Engine Travel Engine Slew Rate
(deg) (deg/sec)

Pitch

Yaw

Retract 0.0 to +2.0 Ii.0

Extend +2.0 to 0.0 10.9

Extend 0.0 to -2.0 12.2

Retract -2.0 to 0.0 10.7

Extend 0.0 to +2.0 12.1

Retract +2.0 to 0.0 11.5

Retract 0.0 to -2.0 12.3

Extend -2.0 to 0.0 Ii.i

The minimum engine slew rate obtained is 10.7 deg/sec which corresponds

to an actuator piston travel rate of 2.22 in./sec when using a conversion
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conversion of 4.83 deg of engine movement per inch of actuator travel;

thus, in all cases, each actuator exceeded the minimum acceptable piston

travel rate of 1.66 in./sec.

14.3 Differential Pressure Feedback Network

The differential pressure feedback network in the pitch and yaw hydraulic

servo valves was operating properly since adequate system damping was

demonstrated by observing the actuator differential pressure measurements

during the two deg step response tests. The differential pressures

decreased in amplitude as a function of time without sustained

oscillations (figure 14-3).

14.4 Cross-Axis Coupling

Cross-axis coupling is obtained from actuator piston differential pressure

data. The cross-axis coupling from the yaw to pitch plane did not exceed

8 percent and from the pitch to yaw plane, did not exceed i0 percent.

|

J

]

]

14-2
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15. STRUCTURAL SYSTEMS

Structural fnt4grity of the S-IVB-208 stage was maintained for the

vlbratfon, temperature, and thrust load conditions of the acceptance

firing. No structural irregularities were detected during the post

firing inspection. Following the explosion of the S-IVB-503 stage at

adjacent Beta III test stand on 20 January, 1967 the S-IVB-208 stage was

again inspected, and no structural damage was detected.

15..1 Common Bulkhead

The results of the gas sample surveys, combined with satisfactory common

bulkhead pressure decay checks, indicate the bulkhead is sound and leak

tight. The bulkhead internal pressure during the firing was less than

I psia. The results of the pressure checks and gas sample analyses

during prefire pumpdowns, crygoenic loading, static firing, and post-

firing verifications, are presented in Douglas Report No. SM-37545,

S-IVB-208 Stage Awceptance Firing (15 Day) Report, dated February 1967.

15.2 LH2 Tank Interior

A postfire visual inspection of the LH2 tank interior was made from

the forward dome access door. The inspection revealed no visual

discrepancies.

15.3 Exterior Structure

A visual inspection of the thrust structure, LOX tank aft dome, aft

skirt, LH2 tank cylindrical section, LH2 tank forward dome, and forward

skirt revealed no structural damage after the full duration firing.

The inspection revealed no debonding of standoff supports, tunnel clips,

or the aft skirt fabric purge membrane.

15.4 Post S-IVB-503 Stage Explosion Inspections

Following the explosion of the S-IVB-503 flight stage at the adjacent

Beta III test stand, the S-IVB-208 stage was again inspected. No

structural damage was detected. The S-IVB-208 stage, which was in the

Beta I test stand, evidently was not struck by any flying objects

since the stage had no dents or major scratches. Two minor scratches

:J
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were found in the paint on the forward dome near the LH2 repressure

connectors, but these scratches were believed not to be associated

with the S-IVB-503 stage incident. The scratches were painted over for

corrosion protection.

The S'IVB-208 stage was approxlmately 1,860 ft from the S-IVB-503 stage

at the time of the explosion. From external overpressures, the forward

dome theoretically is the most critical structure of the stage. By

analytical methods, it has been computed that an overpressure of

0.45 psld is required to buckle the dome. Actual pressure data from

the S-IVB-503 stage explosion was used for computing the corresponding

overpressure at the S-IVB-208 stage location. From the measured peak

blast pressure of 2.5 psig at a radial distance of 240 ft from Beta Ill

test stand (sensor 6B), the overpressure at the forward dome of the

S-IVB-208 stage was calculated to be 0.16 psid. Thus, it appear_ that

the blast pressure on the S-IVB-208 stage was substantially below the

critical buckling pressure of 0.45.

]

]

2

]

3

2

O
As a precautionary measure in view of the overpressure applied exter-

nally to the S-IVB-208 stage, a leak check was applied to the faying

surface cavity between the "Y" extrusion closing rings of the common

bulkhead and the LOX tank wall. This narrow cavity or spacing circumvents

the periphery of the common bulkhead and extends fore and aft over

7-1/2 in. length between the fillet welds. The two extrusion rings

are seam welded together centrally to seal the faying surface cavity

from the common bulkhead honeycomb core. A gas pressure change in the

faylng surface cavity (when the tanks are pressurized) would reveil

any significant gas leakage through fillet welds or huckbolts

attaching the extrusion assembly to the LOX tank wall. This leak check

was conducted with nitrogen at 15 psig in the LOX tank and i0 psig

in the LH2 tank. There was no change of pressure in the faylng

surface cavity which verified structural integrity.

The structure of the dummy aft Interstage was also investigated for

structural integrity after the explosion. No visual damage was

evident. Stress analysis of the interstage assembly using conservative

• explosion pressure assumptions and an ultimate factor of safety of

15-2
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1.5 gave a minimummargin of safety of 0.12 for the critical ring

segment-to-segment joint of the upper frame (Douglas Drawing No. IA66366,

change W). Thus, it is concluded that the dummyaft interstage did

not yield under the pressure loads from the S-IVB-503 stage explosion.

ir-_,

J

L

L

i
r
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16.

/

THERMOCONDITIONING AND PURGE SYSTEMS

16.1 Aft Skirt Thermoconditioning and Purge System

The aft skirt air purge was initiated prior to LOX loading, switched to

GN2 just prior to LH2 loading, and maintained throughout the acceptance

firing until completion of the final tank purges. The system performed

satisfactorily throughout the firing.

16.1.I Aft Skirt Purge Flowrate

The flowrate for both air and GN2 was maintained between 3,300 and

3,600 scfm throughout the acceptance firing.

__2

16.1.2 Aft Skirt Purge Temperature

The aft skirt umbilical inlet temperature (C0715) vaired between 572 and

576 deg R (112 and 116 deg F) from TO -1,500 sec to TO +i,000 sec. The

aft skirt temperature (for air or GN2) at the APS module thermoconditioning

system outlet sensors (C0663) remained between 549 and 551 deg R (89 and

91 deg F) throughout the acceptance firing.

t

i

, hi

i_

ij

16.1.3 Aft Skirt Umbilical Inlet Pressure
L

The umbilical inlet pressure (D0767) was constant at approximately

16.0 in. H20 from TO -1,500 to TO +I,000 _ec.

16.1.4 Non-Flight Hardware

a. APS Modules:

DQ

The flight modules were replaced with two Model DSV-4B-188B APS

simulators at APS positions I and 2. These replacements

functionally represent the flight module thermoconditioning

system.

Aft Interstase:

The Model DSV-4B-540 Dummy Interstage was used to support the

stage on the test stand. Use of the dummy interstage lowers

the aft skirt purge system internal pressures very slightly,

but does not materially affect the overall system purge

capabilities.
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Z6-2

/
/

16.2 Forward Skirt Environmental Control and Thermoconditionlng Systems

The forward skirt GN2 purge was initiated prior to LOX loading and

maintained throughout the acceptance firing until completion of the

final tank purges. The Model DSV-4B-359 thermoconditioning system

servicer supplied methanol/water coolant fluid to the thermocondltioning

system throughout the firing.
/

16.2.1 Forward Skirt GN2 Flowrate

The GN2 flowrate was maintained at the design conditions of 500-600 scfm

throughout the firing.

16.2.2 Forward Skirt GN2 Temperature

The forward skirt GN2 internal temperature (C0768) remained between

490 and 522 deg R (30 and 62 deg F) for the entire acceptance firing.

16.2.3 Forward Skirt Internal Pressure

The forward skirt internal pressure remained well below the relief valve

setting of 2.0 in. H20 from T0 -i,500 sec to T0 +1,000 sec.

16.2.4 Forward Skirt Thermocondltioning System

The thermocondltionlng system fluid inlet temperature (C0753) remained

between 512 and 522 deg R (52 and 62 deg F) for the entire acceptance

firing.

16.2.5 Non-Fllght Hardware

Model DSV-4B-359 Thermoconditioning System Servicer: The servicer supplies

thermally conditioned fluid to the forward skirt cold plates during all

field station operations requiring power to the forward skirt electronic

equipment. When the S-IVB is staged, the cold plates will receive fluid

from the NASA instrument unit thermocondltionlng system.

27 March 1967
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17. RELIABILITY AND HUMAN ENGINEERING

17.1 Reliability Engineering

All functional failures of Flight Critical Items (FCI) and Ground Support

Equipment/Special Attention Items (GSE/SAI) were investigated by

Reliability Engineering. Significant malfunctions of Flight Critical

Items documented are noted in table 17-1.

17.2 Human Engineering

A Human Engineering evaluation was made in support of the Acceptance

Firing Program of S-IVB-208 stage. No significant man-machine problems

were identified.

[-~,
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IB ENGINE PERFORMANCE PROGRAM (PA49)

This appendix contains the digital printout of computer program PA49

which is a compilation of computer programs AA89, GI05, and F823. These

computer programs are the methods employed in the propulsion system

performance reconstruction of the S-IVB-208 stage acceptance firing. The

performance analysis and associated plots are presented in section 6.

Printout symbols are presented in table AP I-i and the digital printout

is contained in table AP 1-2.

I

{

I
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I

!I

FSUBI

WDOTTI

WDOTOI

WDOTFI

EMRI

ISP 1

MSUBOI

MSUBFI

FSUB2

WDOTT2

WDOT02

WDOTF2

EMR 2

ISP 2

MSUBO2

MSUBF2

FSUB 3

WDOTT3

WDOTO3

WDOTF3

TABLE AP i'i

PROGRAM PA49 PRINTOUT SYMBOLS

Stage thrust from

AA89 (ibf)

Total flowrate from

AA89 (ibm/sec)

LOX flowrate from

AA89 (ibm/sec)

LH2 flowrate from

AA89 (ibm/sec)

Engine mixture ratio
from AA89

Specific impulse from

AA89 (sec)

LOX mass onboard from

AA89 (ibm)

LH2 mass onboard from

AA89 (ibm)

Stage thrust from GI05

(Ibf)

Total flowrate from

GI05 (ibm/sec)

LOX flowrate from

GI05 (ibm/sec)

LH2 flowrate from GI05

(ibm/sec)

Ehgine mixture ratio

from GI05

Specific impulse from

GI05 (sec)

LOX mass onboard from

GI05

LH2 mass onboard from

GI05 (ibm)

Stage thrust from

F823 (ibf)

Total flowrate from

F823 (ibm/sec)

LOX flowrate from

F823 (ibm/sec)

LH2 fiowrate from F823

(ibm/sec)

EMR 3

ISP 3

MSUB03

MSUiBF3

FSUB4

WDOTT4

WDOTO4

WDOTF4

EMR 4

I_P 4

MSUBO4

MSUBF4

THRUST

T FLOW

O FLOW

*ISP*

O MASS

F MASS

Engine mixture from F823

Specific impulse from

F823 (sec)

LOX mass onboard from

F823 (Ibm)

LH2 mass onboard from

F823 (ibm)

Predicted stage thrust

(ibf)

Predicted total flowrate

(lbm/sec)

Predicted LOX flowrate

(ibm/sec)

Predicted LH2 flowrate

(ibm/sec)

Predicted engine mixture
ratio

Predicted specific impulse

(sec)

Predicted LOX mass onboard

(ibm)

Predicted LH2 mass onboard

(ibm)

Composite stage thrust

(Ibf)

Composite total flowrate

(ibm/sec)

Composite LOX flowrate

(ibm/sec)

Composite LH2 flowrate

(ibm/sec)

Composite engine mixture
ratio

Composite specific

impulse (sec)

Composite LOX mass onboard

(ibm)

Composite LH2 mass

onboard (ibm)
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ENGINEPERFORMANCEPROGRAM(PA49)
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ABBREVIATIONS

r •

I

t_

ITEM

ac

Act

A_S

ASI i

TERM
m

Alterna6ing current

Actuator

Auxiliary Propulsion System

Argumented Spark Igniter

Attach Attach
J

Aux

Btu

Bgr

Cfm

Contr

cps

db

dc

DDAS

deg

DER

Disch

DNA

D/O

DPF

EBW

ECC

ECO

EDS

E/I

EMI

EMR

ESC

F

FCI

Fit

ft

Auxiliary

British thermal.%nit

Bridge gain ratio

Cubic feet per minute

Control

Cycles per second

Decibel

Direct current

Digital Data Acquisition

System

Degree

Digital Events Recorder

Discharge

Data not available

Dropout

ITEM

FM

FTC

Fwd

GG

GH2

GIS

GN2

gpm

GSE

He

Hg

H20

hr

hp

Hyd

Hz

in

IP&CL

IU

Differential Pressure Feedback K

Exploding bridgewire kc

Engine Cutoff Command KSC

Engine Cutoff ibf

Emergency Detection System ibm

External/Internal LH2

Electromagnetic Interference Loc

Engine Mixture Ratio LOX

Engine Start Command M&A

Fahrenheit MN

Flight Critical Items ms

Flight MSFC

Feet NASA

TERM
m

Frequency modulation

Florida Test Center

Forward

Gas generator

Gaseous hydrogen

Ground Instrumentation System

Gaseous nitrogen

Gallons per minute

Ground Support Equipment

Helium

Mercury

Water

Hour

Horsepower

Hydraulic

Hertz

Inch

Instrumentation Program and

Components List

Instrument Unit

Kilo = 1,000 or 103

Kilocycle

Kennedy Space Center

Pounds force

Pounds mass

Liquid hydrogen

Location

Liquid oxygen

Manufacturing and Assembly

Measurement number

Millisecond

Marshall Space Flight Center

National Aeronautics and Space

Administration

AP 2-1



ITEM

N/A

NPSH

PCM

PDT

pf

Posit

pps

Press

psi

psia

psid

psig

O PST

Pt

P/U

PU

Pwr

R

RACS

RAD

Reft

Reg

RF

RHR
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ABBREVIATIONS

TERM
m

Not applicable

Net positive suction head

Pulse code modulation

Pacific Daylight Time

Picofarad

Position

Pulses per second

Pressure

Pounds per square inch

Pounds per square inch,

absolute

Pounds per square inch,

differential

Pounds per square inch,

gauge

Pacific Standard Time

Point

Pickup

Propellant Utilization

Power

Rankine

Remote Analog Checkout System

Radial

Reflected

Regulator

Radio Frequency

Reference mixture ratio

ITEM

RPM

RSS

SAI

SCC

SCI

scim

scfm

sec

sps

STC

SW

Syst

TO

TAN

Temp

T/M

TP&E

Vac

V

VCL

vdc

Vib

vswr

W

TERM

Revolutions per minute

Root sum square

Special Attention Items

Standard cubic centimeter

Standard cubic inch

Standard cubic inch per minute

Standard cubic foot per minute

Second

Samples per second

Sacramento Test Center

Switch

System

Simulated llftoff

Tangential

Temperature

Telemetry

Test Planning and Evaluation

Volts alternating current

(i00 vac)

Volts

Vertical Checkout Laboratory

Volts direct current

Vibration

Voltage standing wave ratio

Watts
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